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Few studies have examined the risk factors associated with reduced bone mass
in Asians, but none specifically investigated Singaporean Chinese women. The subjects
in this study were 16 premenopausal, 8 perimenopausal and 13 postmenopausal women
who participated in a larger study which began in 1986. Bone density was measured
in 1986 and 1992. Dietary and lifestyle data were collected for this study by personal
interview. Association between dietary and lifestyle factors and bone density variables
and change in bone density at the end of the 6 year period were assessed by univariate
regression analyses.
Postmenopausal women had significantly lower baseline lumbar spine and
femoral neck bone density than other groups. Perimenopausal women had significantly
greater bone loss compared to other groups.
In premenopausal women BMI was significantly positively associated with
femoral neck bone density while exercise and duration of breastfeeding were

in

significantly and directly related to lumbar spine bone density.
In perimenopausal women current calcium intake was significantly inversely
associated with change in lumbar spine bone density.
In postmenopausal women age at menopause and duration of breastfeeding were
significantly inversely associated with change in femoral neck bone density.

A

significantly inverse relationship was found between exercise and change in lumbar
spine bone density.
Several factors and a small sample size may have led to an inability to detect a
relatively large effect or to spurious associations due to chance or due to confounding.
Studies of a larger sample size are needed for establishing more conclusively the
relationships between dietary and lifestyle factors and bone density and change in bone
density of Singaporean Chinese women.
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CHAPTER I

INTRODUCTION

Definition of the Problem
Genetic, hormonal, dietary, and lifestyle factors are the most important
determinants of peak bone mass and may contribute to the onset of osteoporosis, a
serious and life threatening disease that affects large numbers of older adults throughout
the world, (Lacey, Anderson, Fujita, Yoshimoto, Fukase, Tsuchie, & Koch, 1991;
Cooper & Melton, 1992). Osteoporosis is a major worldwide public health problem
because it increases fracture risk (Matkovic et ah, 1990). In the United States it is
estimated that osteoporosis afflicts 20 - 25 million Americans. It is responsible for
over 1.3 million fractures, including 238,000 hip fractures, over 500,000 vertebral
fractures and 170,000 forearm fractures annually, and the estimated annual cost of
osteoporosis in 1986 was 7 to 10 billion dollars (Kelsey & Hoffman, 1987). Because
of the increasing number of elderly people in the United States, it is estimated that by
the year 2040 total annual hip fractures will rise from 238,000 to 512,000 and this will
increase the total annual cost from approximately $7.2 billion currently to $16 billion
in the year 2040 (Cummings, Rubin, & Black, 1990).
Many studies show that Caucasian women are more affected by this age-related
bone loss than other ethnic groups. However, Tsai, Huang, Chieng, and Su (1991)
reported that Chinese women in Taiwan are not at less risk for osteoporotic fractures
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than Caucasians. Yet, there are few reports of risk factors associated with osteoporosis
in Asian populations.
Asians may have similar appearances but genetically they are quite different.
For example, Singapore is a mixed ethnic community made up of Chinese, Malays, and
Indians. They live under very similar if not exactly the same environmental influences
but with differences in their hereditary, dietary, and lifestyle factors, their bone fracture
rates are different (Wong, 1965). The fracture rate of Hong Kong is also different from
the fracture rate in Singapore (Wong, 1965).
Martin (1991) projected that by the year 2025 the number of elderly people 65
years of age and over will quadruple in Singapore. The elderly will increase from 5.6%
of the population in 1990 to 19.1% by the year 2025 (Martin, 1991). Cheung (1987)
projected that there will be a 33% increase in the total population in Singapore from
1980 to 2030 while the aged population will increase by 373% in the same time period.
As the population of elderly increases, there will be an increasing number of elderly
women and the prevalence of osteoporotic disorder can be expected to increase (Lutz,
1986).

Overall, approximately 80% of hip fractures occur in women age 50 years and

over (Gallagher et al., 1980).

The Purpose of the Study
The purpose of this study was to investigate Chinese women living in Singapore
and various dietary and lifestyle practices thought to be associated with osteoporosis.
Nutritional factors, especially calcium intake, are thought to be important in determining
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peak bone mass (Johnston & Slemenda, 1992; Matkovic et al, 1990; Metz et al, 1993).
The level of physical activity may also contribute to bone mass. In a calcium trial
study of twins, which also looked at the affect of exercise, those twins performing more
weight-bearing activities had significantly more bone at most sites than those who spent
less time in such activities (Johnston & Slemenda, 1993).

Hypothesis
The following hypotheses will be tested:

there is a relationship between 1)

current dietary intake and lifestyle practices and bone mineral density and 2) current
dietary and lifestyle practices and change in bone mineral density at the end of the six
year period (1986 to 1992).

4
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CHAPTER II

LITERATURE REVIEW

Osteoporosis is characterized by a progressive decrease in bone mass and
alterations of the microarchitecture of both cortical and trabecular bone, resulting in
increased fragility and increased risk of spontaneous fractures, usually of the vertebral
column, hips, and wrists, especially in postmenopausal women (Lutz & Tesar, 1991).
Osteoporosis is a major worldwide public health problem with attendant pain, increased
morbidity, mortality and significant societal burden (Matkovic, Fontana, Tominac, &
Goel, 1990).
In the United States, it is estimated that 1.5 million fractures can be attributed
to osteoporosis. Spine fractures frequently cause pain, deformity, and disability (Duazo
& Khachadurian, 1993). Hip fractures in particular may be fatal in 12% to 20% of
cases and are one of the most important causes of death among the elderly (Cummings,
Kelsey, Nevitt & Dowd, 1985). Half of the survivors are disabled. The cost of hip
fracture is between 7 to 10 billion dollars annually (Kelsey & Hoffman, 1987).
Nilas (1993) stated that the declining bone mass after menopause follows an
exponential curve with initial annual rates of loss of 2% to 5%. Immediately after the
menopause, trabecular bone loss exceeds cortical but all bone loss gradually declines
(Nilas, 1993). According to Dawson-Hughes (1991) after a period of adjustment to the
declining concentrations of estrogen the rate of bone loss declines and remains fairly
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constant. However, according to Martin (1993) between the ages of 35 and 70, the
bending strength in cortical bone is diminished by about 15-20% and compression
strength in cancellous bone is reduced about 50%.

Furthermore, bone becomes

increasingly brittle and fractures with less force (Martin, 1993).
In osteoporosis the amount of bone mineral per volume of bone tissue (g/cm2)
is reduced and the risk of fractures increased. Prospective studies have now shown that
current bone mass can predict the risk of subsequent fracture (Cummings et al, 1990;
Ross, Wasnick, & Davis, 1990; Wasnick, 1993). Several factors determine the fracture
risk, but the most important is a low bone mass (Nilas, 1993; Wasnich,1993).
A lower peak skeletal mass in early adulthood followed by a decrease in bone
mass at menopause places women at high risk for postmenopausal osteoporosis (Riggs,
Wahner, Melton, Richelson, Judd, & Offord, 1986). Thus, it is important to investigate
those factors thought to affect peak bone mass.

Determinants of Bone Mineral Density fg/cm2)
Genetic factors.

Peak bone mass is the maximum amount of bone mineral

attained. It depends on race and sex and is under strong genetic influences which may
account for 60-80% of the total (Matkovic, Fontana, Tominac, & Goel, 1990; Johnston
& Slemenda, 1992, & 1993).
In 1991, Lutz and Tesar reported a study of spinal and femoral bone densities
of mother-daughter pairs. Daughters of mothers with spinal fractures had lower bone
mineral density in the lumbar spine, femoral neck, and femoral midshaft than control
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subjects. A 2-year intervention study by Matkovic and colleagues (1990) found there
were high but nonsignificant correlations between bone size, bone mass and bone
density measurements of daughters and parents.
A cross-sectional study of premenopausal mothers and their 18 year old
daughters demonstrated a 10% greater bone mass in the mothers (Tylavsky, Bortz,
Hancock, & Anderson, 1989).

This suggests that the daughters can continue to

accumulate bone mass in order to achieve their mothers’ bone mass levels over the next
two decades (Tylavsky et al., 1989).
The precise timing of peak bone mass at specific skeletal sites remains unknown
(Metz, Anderson & Gallagher, 1993; Matkovic, 1992). Recker and colleagues (1992)
reported that 90 to 95% of bone mass is attained by the end of longitudinal growth at
approximately 18 year of age, but an additional 5-10% of bone mass can be added
between the ages of 18 and 30 years (Tylavsky, Bortz, Hancock, & Anderson, 1989).
The additional gain in bone mass is likely to be dependent on lifestyle practices during
young adulthood (Metz et al, 1993).

Therefore, adolescence and young adulthood

appear to be critical periods during which bone mass may be greatly influenced by
dietary and lifestyle factors (Tylavsky, Anderson, Talmage, & Taft, 1992).
Race. In 1989, Li and colleagues studied 78 black and 53 white children 1-6
years of age. The investigators demonstrated differences in bone mass between black
and white children under the age of six years by single-photon absorptiometry of the
distal radius.

The bone mineral content was significantly higher in black children

compared with white children. Females had significantly lower bone mineral content
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than males. Bone mineral content increased with age and weight in the children (Li,
Specker, Ho, & Tsang, 1989).
Trotter and colleagues (1960) in a unique study of 80 adult skeletons, observed
that the bone density of American black subjects was greater than that of sex and age
matched American white subjects and that bones of the male skeleton were denser than
bones of the female skeleton. Nordin (1966) examined both spinal and hand x-ray
films of individuals around the world and found a low prevalence of osteoporosis
among people of African background.
Total body calcium and measurements of muscle mass and bone mineral content
of the radius were determined in 26 black women, 30 to 79 years of age.

The

investigators found that although there was no significant difference in stature, black
women had a greater skeletal mass and bone mineral content of the appendicular
skeleton (radius) than the age-matched white subjects after corrected for height and lean
body mass (Cohn et al, 1977). The increased skeletal mass of black women observed
by Cohn and colleagues confirms the finding of Trotter et al (1960) that the bones of
black women are more dense than those of age-matched white women.
Investigators concluded that a larger initial skeletal mass is a natural protection
against the sequelae of bone loss. Thus, it is possible that the more favorable skeletal
mass of black women is responsible for their apparent lower prevalence of fractures and
osteoporosis (Cohn et al, 1977). Although bone density is greater in blacks than in
whites of either sex, differences in adult bone mass are not confined to these two racial
groups (Pollitzer, & Anderson, 1989). The bone density of adult Polynesians is also
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greater than that of age-matched whites, whereas Chinese and Japanese generally have
lower bone density (Reid et al., 1990; Reid et ah, 1986; Garn et ah, 1964).
A study compared compact bone of 51 individuals of Chinese and Japanese
ancestry with age and sex-specific standards for Americans of European ancestry (Garn
et ah, 1964).

The investigators found that Chinese and Japanese subjects had

significantly less compact bone than the reference population at all ages. This tendency
for diminished compact bone in people of Asiatic ancestry was true both for those born
abroad and those born in the United States.

The investigators also found that

American-born children of Chinese-Caucasian ancestry had less compact bone
compared to children of Caucasian ancestry. These observations led the investigators
to attribute the lesser amounts of compact bone in Chinese and Japanese more to
genetic factors than to limiting nutrients (Garn et al., 1964).
Wong (1965) studied the fracture rate of ethnic groups in Singapore, namely the
Chinese, the Malays, and Indians and found that their age specific fracture rates were
different.

The age specific fracture rate of Chinese living in Hong Kong was also

different from Chinese living in Singapore (Wong, 1965). Thus both ethnic differences
and environmental factors appear to play a role in fracture susceptibility.
Lee (1992) studied the 1987-1991 operating room and admission records of
orthopaedic departments of Government and Government Restructured hospitals in
Singapore. These cases accounted for almost all the hip fracture cases of Singapore
residents over the age of 50. Although the racial composition of Singapore has not
changed much he found the incidence of hip fractures among the Chinese is rising
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whereas the incidence among the Malays and Indians apparently remains low, compared
to Wong’s 1957-1963 study.
A cross-sectional study of Chinese women in Taiwan (Tsai et al., 1991) reported
that Chinese women are not at less risk for osteoporotic fractures than Caucasians.
Thus, the risk factors that have been identified as increasing the chance of developing
osteoporosis in Caucasians including female sex, positive family history for fractures,
physical inactivity, and low dietary calcium intake may also apply to Asians (Heaney,
1987).

Nutritional Factors
Calcium and bone mass, beneficial effect. It is believed that 20-30% of the peak
bone mass is determined by nutritional factors and physical activity (Matkovic, Fontana,
Tominac, & Goel, 1990; Johnston & Slemenda, 1992, & 1993). In 1992, Johnston and
colleagues conducted a three-year, double-blind, placebo-controlled trial of the effect
of calcium supplementation (1000 mg of calcium citrate malate per day) on bone
mineral density in 70 pairs of identical twins, 6 to 14 years of age. The mean daily
calcium intake of the placebo group was 908 mg and that of the calcium
supplementation group was 1612 mg/day (baseline calcium intake was 839 mg/day).
They found that in the prepubertal period calcium supplementation enhanced the rate
of increase in bone mineral density, however, no effect was seen after puberty. The
investigators concluded that dietary calcium was likely to exert its greatest effect on
bone building during the years of childhood, especially the preadolescent period
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(Johnston et al., 1992). However, the investigators do not know whether the effects of
calcium supplementation on bone mineral density will persist (Johnston et ah, 1992).
Others reported that both lumbar spine and femoral neck bone density accumulation
was drastically reduced by age 16 (Theintz et al., 1992).
A recent cross-sectional study investigated adolescent females age 8-18 years.
The investigators found sexual maturity, age, and calcium intake were important
predictors and described 81% of the variance in vertebral bone mineral density during
preadolescence and adolescence (Sentipal, Wardlaw, Mahan, & Matkovic, 1991). They
also found that as values of these variables increased, bone mineral density increased.
This study supports the hypothesis that better calcium nutrition during adolescence may
optimize peak bone mass within the genetic boundaries (Sentipal, Wardlaw, Mahan, &
Matkovic, 1991).
A 2 year intervention study evaluated calcium supplementation and hereditary
influences on bone status in 31 14-year old females and 54 of their parents (Matkovic,
Fontana, Tominac, Goel and Chesnut III 1990). The 31 subjects were stratified into
two groups on the basis of their pre-study calcium intake: a control group with a mean
daily calcium intake of 750 mg/day and a calcium supplementation group, who were
randomly allocated to receive either 900 ml/day of milk with 2% fat or four 250 mg
calcium carbonate supplements per day.

The mean calcium intake in the

supplementation group was 1640 mg/day. Although the differences between bone mass
measurements were not statistically significant, there was a more pronounced increase
in bone mass over time in the calcium-supplemented group than in the control group.
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In a 14-year prospective study of 957 men and women aged 50 to 79 years at
baseline Holbrook and colleagues (1988) reported that the age-adjusted risk of hip
fracture was inversely associated with current dietary calcium intake. This association
persisted after adjustment for cigarette smoking, alcohol intake, exercise and obesity.
These results strongly support the hypothesis that increased dietary calcium intake
protects against hip fracture. Riggs (1988), reported that individuals who avoid dairy
products because of lactase deficiency have an increased incidence of osteoporosis.
In a four-year study of 169 women age 35-65 years, subjects were randomly
assigned to placebo and treatment groups in a double-blind design (Smith et al., 1989).
The baseline mean calcium intake was 707 mg per day. The treatment group received
calcium supplementation of 1.5 g per day of elemental calcium as calcium carbonate.
In the premenopausal subjects, only the left humerus bone loss was significantly
reduced by calcium supplementation.

Bone loss at the radius and humerus was

significantly lower in the postmenopausal group taking calcium supplements compared
to those receiving placebo.
Elders and colleagues (1991) studied the effect of calcium supplementation on
perimenopausal bone loss in 295 women, 28% of whom were premenopausal. These
women were randomized into a control group and 2 supplementation groups.

The

baseline calcium intake in the three groups was 1150 mg per day. The supplementation
groups received either 1000 mg or 2000 mg elemental calcium/day for a period of 2
years. They found that supplementation with 1 g or 2 g calcium as calcium lactategluconate resulted in 1.3% and 0.7% vertebral bone loss respectively, compared to
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3.5% loss in the controls over the two year period. The difference between the two
treatment groups was not significant. The treatment effect was significant in the first
year of supplementation but not in the second year.
A pilot study, conducted in preparation for a longitudinal, calcium intervention
field trial of postmenopausal women found increased bone mineral loss from the spine
with a current calcium intake less than 405 mg/day compared to women with a current
calcium intake greater than 777 mg/day (Dawson-Hughes, Jacques, & Shipp, 1987).
Reduced loss from the appendicular skeleton was found in postmenopausal women with
mean baseline calcium intake of 730 mg/day who took 1000 mg of supplemental
calcium compared to women not receiving the supplements (Nordin & Policy, 1987).
Dawson-Hughes and colleagues (1990) undertook a double-blind, placebocontrolled, randomized trial to determine the effect of calcium on bone loss from the
spine, femoral neck, and radius in 301 healthy postmenopausal women, half of whom
had a calcium intake lower than 400 mg per day and half an intake of 400 to 650 mg
per day. The women received either a placebo or calcium carbonate or calcium citrate
malate (500 mg of calcium per day) for 2 years. In subjects with calcium intake less
than 400 mg/day and who were 5 or more years post menopause, calcium citrate malate
supplementation prevented bone loss during the two years of the study. This effect was
significantly different from that of the placebo group at the femoral neck, radius, and
spine. Supplemental calcium had no effect in subjects with calcium intake in the range
of 450-650 mg per day and calcium supplementation did not affect rapid bone loss from
the spine, femoral neck or radius in early postmenopausal (five or fewer years after
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menopause) women. However, in the placebo group women who were six years or
more post menopause and had a higher dietary calcium intake, had less rapid bone loss
compared to similar women with lower (<400 mg/day) calcium intake.
Reid and colleagues (1993) studied 122 women who were at least three years
postmenopausal and had a mean calcium intake of 750 mg/day. These women were
randomly assigned to treatment with either calcium (1000 mg/day) or placebo for two
years. They found that increasing calcium intake from a mean of 750 mg to 1740
mg/day with a twice daily calcium supplement reduced the rate of total body calcium
loss by 43%. The rate of bone loss in the leg was reduced by 35% and in the Ward’s
triangle by 67%. Calcium supplements had a significant benefit in both the lumbar
spine and trunk bone density (Reid et al., 1993). There was also a significant fall in
parathyroid hormone levels.

The investigators concluded calcium supplementation

significantly slowed axial and appendicular bone loss in normal postmenopausal
women.
A calcium supplementation study was conducted in postmenopausal women who
had a mean calcium intake of 700 mg per day. Harris et al. (1991) found evidence of
accelerated bone loss among women closest to menopause (five or fewer years after
menopause) at the largely trabecular sites of the spine and heel, but not at the more
cortical sites of the femoral neck and radius.

Others suggested that among early

postmenopausal (< 5 years) women with lower calcium intake (< 400 mg/day) bone
loss from the cortical sites may be greater compared to those with higher (>400
mg/day) calcium intake (Dawson-Hughes et al., 1990).
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Prince (1993) reviewed six recent randomized controlled, double-blind clinical
trials of calcium supplementation.

He found that the effect of dietary calcium

supplementation in women who were more than five years postmenopause supported
the conclusion that increasing calcium intake can slow bone loss at appendicular and
axial skeletal sites. However, calcium supplementation may be more effective in those
with a calcium intake below 400 mg per day or when combined with an exercise
regimen in those with low bone mass. Supplementation is more effective in women
who were more than five but less than ten years postmenopause.
A recent meta-analysis of calcium intake and bone mass showed a consistent
positive, modest association between calcium intake and bone mass (Gumming, 1990).
Thus, there is a substantial body of evidence supporting a positive effect of calcium on
bone mass at different periods in life. Reports from most of the calcium studies suggest
that bone loss can be retarded by calcium supplementation of approximately 1000-2000
mg per day. The effect of calcium supplementation is greatest when the intake is low.
Calcium and Bone Mass, Lack of Benefit. Other studies, however, have not
found an association between calcium intake and bone mineral density in either
premenopausal or postmenopausal women (Angus, Sambrook, Pocock, &Eisman, 1988;
Desai, Baran, Grimes, Gionet, & Milne, 1987; Garn, 1970; Sowers, Wallace, & Lemke,
1985).
A recent 2-year longitudinal study by Mazess and Barden (1991) found that
neither calcium intake nor daily activity were associated with bone mineral density of
300 healthy young women aged 24 to 39. Hegsted (1986) observed that according to
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currently available information, hip fractures are more frequent in populations where
dairy products are commonly consumed and calcium intakes are relatively high.
Tylavsky and Anderson (1988) could not confirm an association between dietary
factors and bone health of elderly lacto-ovovegetarian women. Riggs and colleagues
(1987) reported that women in the lowest quartile of calcium intake with an average of
501 mg/day, had a similar rate of change in bone mineral density as women in the
upper quartile with an average calcium intake of 1397 mg/day.
A group of 60 healthy women, aged 58-64 who were 3 to 10 years
postmenopause were followed for 8 years (van Beresteijn et ah, 1990).

The

investigators observed that the bone mineral content of both the appendicular and the
axial skeleton were not influenced by habitual calcium intake ranging from 560 mg/day
to 2580 mg/day in healthy women in early menopause (mean years since menopause
7.7 years). However, they found that body mass index was positively correlated with
bone mass indices of the radius and femoral neck, but not with the lumbar spine.
Kanis and Passmore (1989) reviewed both prospective and case controlled
studies of calcium supplementation in postmenopausal or osteoporotic women. They
concluded that increased calcium intake does not benefit bone mass independent of
energy intake and that all normal diets contain sufficient calcium. They further claimed
that the excess calcium present in milk is not absorbed and this protects against calcium
toxicity. According to Kanis and Passmore the evidence that supplemental calcium
increases peak bone mass or decreases the incidence of fracture in elderly people is not
convincing.

They stated, "the argument that, with some exceptions, calcium
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supplements do little harm and may do some good serves neither the public nor the
scientific community when the relative risks and benefits remain undetermined" (Kanis,
& Passmore, 1989).
Rii, Thomsen and Christiansen (1987) reported the effect of calcium
supplementation on bone loss in 43 early postmenopausal women, who were a subgroup
of a larger 2-year double-blind, controlled trial. These women were assigned to one of
three treatment groups; percutaneous 135-estradiol (combined with progesterone during
the second year), 2000 mg oral calcium daily, and placebo. Bone mineral content in
the forearm, total body, and spine remained constant in the estrogen treated group but
decreased significantly in the calcium and placebo groups. However, in the calcium
treated group they observed a tendency toward a slowed loss of compact bone (in the
proximal forearm and total skeleton) as compared with the placebo group. The rate of
bone loss of the trabecular bone (distal forearm and spine) was the same as the placebo
group. Their results suggest that calcium supplementation of 2000 mg per day is not
as effective as estrogen therapy for the prevention of early postmenopausal bone loss.
Vitamin D. Calcitriol (1,25-dihydroxycholecalciferol), the physiologically active
form of vitamin D enhances calcium absorption in the gastrointestinal tract (Wardlaw,
1993). Calcitriol results in decreased parathyroid hormone levels which in turn inhibits
bone resorption and subsequently allows for adequate bone balance (Wardlaw, 1993).
An 18 month study investigated hip and nonvertebral fractures in ambulatory
women (mean age 84 years) and the effects of vitamin D3 (cholecalciferol) and calcium
supplementation (Chapuy et al., 1992). The 1636 controls received a double placebo
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while the other 1634 in the treatment group received tricalcium phosphate (containing
1.2 g of elemental calcium) and 800 IU of vitamin D3 daily.

The baseline mean

calcium intake for all subjects was 512 mg per day. The investigators found that in the
treatment group the number of hip and nonvertebral fractures was 43% and 32% lower
respectively compared to controls.

Similarly, the mean serum parathyroid hormone

levels were decreased by 44% and the serum 25-hydroxyvitamin D levels had increased
by 162% over the baseline in the treatment group. Femoral bone density increased by
2.7% in the treatment group compared to a 4.6% decrease in the controls (Chapuy et
al., 1992).
Tilyard and colleagues (1992) conducted a 3-year multicenter, single-blind
randomized study in 622 postmenopausal osteoporotic women aged 50-79 years with
one or more nontraumatic vertebral fractures. The subjects were randomly assigned to
receive either calcitriol (0.25 meg twice a day) or supplemental calcium (1 g of
elemental calcium daily). The mean baseline calcium intake of the subjects was 890
mg per day.

The investigators reported a significant reduction of new vertebral

fractures during the second and third year in the calcitriol group as compared to the
calcium supplemental group (Tilyard et al., 1992). This effect was evident only in
subjects who had five or fewer vertebral fractures at baseline. Investigators suggested
that treatment of postmenopausal osteoporosis with calcitriol was safe and significantly
reduced the rate of new vertebral fractures (Tilyard et al., 1992).
A 1-year double-blind, placebo-controlled trial in 249 postmenopausal women
randomly assigned subjects to either receive a placebo or 400 IU of vitamin D daily.

19

All women had usual daily vitamin D intake of 100 IU. Both treatment and placebo
groups received calcium supplements of 377 mg/day as calcium citrate malate (DawsonHughes et ah, 1991). The investigators found that in the placebo group spinal bone
mineral density increased during June-July to December-January (period 1) and
decreased during December-January to June-July (period 2). There was no net change
in bone mineral density in this group.

Women treated with vitamin D had similar

spinal bone density increases in period 1 but lost less bone in period 2 compared to the
placebo group.

Overall, women treated with vitamin D had a significant benefit

compared to the placebo group. Investigators observed that in period 2, the placebo
group had lower levels of 25-hydroxyvitamin D and higher levels of parathyroid
hormone compared to the vitamin D treated group (Dawson-hughes et al., 1991). It
was suggested that healthy postmenopausal women living above latitude of 42 degrees
can significantly reduce late wintertime bone loss and improve net spine bone density
by increasing their daily vitamin D intake to 500 IU (Dawson-Hughes et al., 1991).
Protein. In 1992, Abelow, Holford, and Insogna reviewed 34 published studies
from 16 countries. They found that higher animal protein intake was significantly and
positively associated with hip fracture incidence.
Experimental studies have demonstrated that intake of one or more animal
proteins or mixtures of selected amino acids will increase urinary calcium excretion
(Heaney, & Recker, 1982; Berkelhammer, Wood, & Sitrin, 1988). Most studies, even
though of short duration, showed that the protein induced hypercalciuria effect was both
meal-related (acute) and associated with the usual pattern of protein intake (chronic)
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(Anderson, 1991).
In 1989, Hu et al., conducted a cross-sectional study in 764 middle-aged and
elderly women in five different counties in China.

The investigators reported that

animal protein and nondairy animal protein were related positively and significantly to
urinary calcium excretion whereas plant protein was inversely related. Thus, greater
consumption of animal foods may account for a higher urinary excretion of calcium
(Hu et al., 1989).
Phosphorus. Excessive dietary phosphorus intake in the presence of low calcium
produced a mild secondary hyperparathyroidism in young women in a 4-week study
(Calvo, Kumar, and Heath 1990). The investigators suggested that a chronic highphosphate intake adversely affects calcium retention in the skeleton through stimulation
of resorptive activity of bone cells by elevated parathyroid hormone (Calvo, Kumar, &
Heath, 1988). Phosphate has been used by some physicians to initiate bone resorption
as part of drug therapy aimed at increasing bone mass in elderly patients with low bone
mass (Portale, & Halloran, 1986). Thus, adequate phosphate intake is necessary for
bone remodeling but prolonged excessive phosphate intake might lead to adverse effects
on bone mass.
Other dietary factors, such as high consumption of sodium may also adversely
affect calcium metabolism because as sodium is excreted in the urine, it pulls calcium
with it, and thereby may affect bone status (Anderson, 1991 & 1992).

Thus, a

combination of nutrients, rather than the singular effect of calcium, are likely to
influence the bone mass.
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Calcium, Physical Activity and Bone Mass
Several studies demonstrated that aerobic weight bearing exercise and increased
daily physical activity help to prevent bone loss in postmenopausal women (Aloia, et
ah,1978: Cooper, Barker, & Wickham, 1988).

Cross-sectional studies of both

premenopausal and postmenopausal women reported a positive correlation between
dietary calcium intake, physical activity, and bone mineral density (Smith, Gilligan,
McAdam, Ensign, & Smith, 1989; Halioua & Anderson, 1989).
A cross-sectional study of thirty-eight 24-28 year old Caucasian women found
that both adequate dietary calcium and moderate physical activity contribute
significantly to better radial bone mass at both cortical and predominantly cancellous
sites as compared to less than adequate intake of calcium and little or no physical
activity (Metz, Anderson, and Gallagher, 1993). Moderate exercise was defined as
equal to or greater than 90 minutes/week that caused a sustained increase in heart rate
and that had occurred over the 14-17 year period since high school. Mean calcium
intake was 1000 mg per day (compared to RDA calcium of 800 mg/day) in these
subjects.

This was 20% above the RDA and 30% above the mean intake for US

women (695 mg/day).
Kanders and colleagues (1988) conducted a cross-sectional study on sixty 24 to
35 year old women with mean calcium intake of 871 mg per day (range 286-2,128
mg/day). They found calcium intake and exercise (walking or running) had a positive
effect on bone mass. The mean vertebral bone mineral density was significantly greater
in women who had both an active lifestyle (expending > 970 kcal/day) and high
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calcium intake (> 800 mg /day) compared to those who were both inactive and
consumed < 800 mg calcium per day.
A 4-year exercise intervention study divided subjects and controls into 5-year
age groups. The controls (mean calcium intake of 719 mg/day) did not participate in
any organized physical activity.

The exercise group (mean calcium intake of 858

mg/day) participated in 45 minutes of physical activity three days per week. Each
exercise session included 10 minutes of warmup, 30 minutes of aerobic (endurance)
activities including dancing, walking, and jogging, and 5 minutes of cooldown. There
were 62 control subjects and 80 exercise subjects, who completed this 4 year study.
The investigators found that the exercise group lost significantly less bone than the
controls in the left and right ulna and radius regardless of their menopausal status
(Smith et al., 1989).
Prince and colleagues (1991) conducted a 2-year investigation of a select group
of women whose bone mass was at least one standard deviation below the
premenopausal mean and who were less than 10 years postmenopausal.

They were

stratified into a control group and 3 treatment groups. The treatment regimens were:
exercise alone, exercise plus 1 g of elemental calcium nightly in the form of calcium
lactate-gluconate (even though their mean calcium intake was 800 mg/day), and
exercise plus 2.5 mg medroxyprogesterone acetate nightly and 0.625 mg of estropipate
nightly for one month, increasing to 1.25 mg nightly for the remainder of the study.
The exercise regimen consisted of low-impact aerobic exercise for one hour once per
week and two brisk 30-minute walks per week. The rate of bone loss in the exercise
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group was similar to that of the control group. The rate of bone loss in the exercisecalcium supplementation group was significantly lower than either the exercise or
control groups. In the exercise-calcium group, the rate of change in bone density at the
distal site did not differ significantly from baseline, but significant bone loss occurred
at the proximal and median sites. The exercise-estrogen group had an increase in bone
density at all three sites that was significantly different from the changes in the
exercise-calcium, the exercise, and the control groups.
Aloia, Cohn, and colleagues (1978) reported a one year study of 18 healthy
postmenopausal women with a mean age of 53 years who experienced menopause
within the previous six years. Half of the subjects were placed on an exercise program
for 1 hour three times a week while the other half remained sedentary. All subjects had
normal baseline serum calcium levels. Total and regional bone mass were measured
at baseline and after 1 year of exercise by total-body neutron activation analysis (total
body calcium) and photon absorptiometry of the distal radius.

Total body calcium

increased in the exercise group but decreased in the sedentary group. The daily calcium
balance derived from the difference in total body calcium measurements was
significantly different in the two groups of women. As expected the mean bone mineral
density of the radius increased in the exercise group and decreased in the sedentary
group, but these changes were not significant. These data support the hypothesis that
increased physical activity can modify involutional bone loss in postmenopausal
women.
In Britain, Cooper and colleagues (1988) conducted a case control study
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comparing the physical activity and calcium intake of 300 elderly men and women with
hip fracture with 600 age- and sex-matched controls. They found in both sexes that
increased daily activity, including standing, walking, climbing stairs, housework, and
gardening, protected against fracture. These results were independent of body mass,
cigarette smoking, and alcohol consumption. Strength of grip correlated with activity
and was inversely related to the risk of hip fracture. They reported no relationship
between calcium intake and hip fracture in women, but men with daily calcium intake
of more than 1 g had lower risk.

Calcium. Physical Activity, and Bone Mass in Different Ethnic Groups
Nordin (1966) observed an earlier onset and higher incidence of osteoporosis in
Japanese and Indian women compared to the British and American women.

He

suggested that low calcium intake may contribute to the osteoporosis which develops
in women at middle age. In contrast, the incidence of osteoporosis in old people was
low in Finland, where calcium intake is very high (Nordin, 1966).
A cross-sectional study of the elderly Japanese population living in Hawaii
reported a significant and positive association between current calcium intake and bone
mass in both men and women (Yano, Heibrun, Wasnich, Hankin, & Vogel, 1985).
An epidemiological study of 609 men and women was conducted in two
communities of the Kii peninsula in the central southern tip of Japan (Fujita, Okamoto.
Tomita, Sakagami, Ota, & Chata, 1977). More than half of the subjects were over 65
years of age.

One community was on Oshima Island and was assumed to have
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adequate calcium and protein (92% of the national average) intake because there is an
adequate supply of fish. This community also had economic and cultural exchange
with large cities through visiting tourists.

The other community lived in the

mountainous Shichikawa district and engaged mainly in forestry and had low intake of
calcium and protein (80% of the national average). The Shichikawa subjects also had
a low calcium content in the water supply. The investigators found that both men and
women in the Shichikawa district were significantly shorter when compared to the
corresponding age groups on Oshima Island.

They also had significantly thinner

cortical bone thickness than in Oshima. Since the genetic backgrounds were similar it
was suggested that the differences may be related to the lower calcium intake.
Changes in the physical properties of the bone in those two populations were
assessed by resonant frequency, a computerized procedure with high sensitivity and
reproducibility (Fujita et al., 1984). The results from this procedure were shown to be
significantly correlated with bone mineral content as measured by photon absorption
technique.

The investigators found a significantly higher prevalence of thoracic

vertebral deformity and more pronounced age-related decrease of ulnar resonance
frequency, an indication of reduced bone mineral content in the Shichikawa subjects.
The differences were more evident in women than in men. The serum parathyroid
hormone levels were higher in the Shichikawa women compared to women in Oshima.
The investigators suggested poor nutritional intake, especially of calcium and vitamin
D, and less exposure to sunshine (sunset at 4 pm vs 6 pm) may be responsible for the
accelerated age-related degenerative changes in the Shichikawa subjects (Fugita,
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Okamoto, Tomita, Sakagami, Ota, & Chata, 1977; Fugita, Okamoto, Sakagami, Ota, &
Ohata, 1984).
Hirota and colleagues (1992) studied 161 healthy female Japanese college
students aged 19-25. They found an additive effect of physical exercise and dietary
calcium intake in adolescence that contributed to the differences in early adult bone
mineral density. The group with the highest calcium intake (76% of the Japanese RDA
of 600 mg/day) and the longest history of physical exercise showed the highest bone
mineral density. Physical exercise was reported as years in which subjects engaged in
regular sport active three or more times per week.
A cross-sectional study of 89 postmenopausal Japanese women aged 55-60 years
reported that current protein and milk intakes were positively associated with midradial
bone mineral content measured with single-photon absorptiometry in postmenopausal
women (Lacey, Anderson, Fujita et al., 1991).
A prospective study compared 400 Chinese men and women patients with
radiologically diagnosed hip fracture with 800 age- and sex-matched controls. They
found that among elderly women in Hong Kong regular daily weight bearing activity
and higher dietary calcium intake were associated with a lower risk of hip fracture.
Among elderly men there was a similarly strong relation with calcium intake but the
relation with activity was not significant.

These results point to the importance of

maintaining daily physical activity and calcium intake in urbanized Chinese populations
in Hong Kong (Lau, Dorman, Barker, & Cooper, 1988).

27

Hormonal Status and Bone Mass
The cessation of estrogen production by the ovaries at menopause leads to a
period of accelerated bone loss which has been observed most frequently at the spine,
femur, forearm, and total body (Gallagher et ah, 1987; Hedlund et ah, 1989; Nordin,
& Policy, 1987). Estrogen-deficiency in women, whether caused by natural or induced
menopause results in loss of mineral at all skeletal sites with the greatest losses in the
trabecular bone of the vertebrae (Ettinger et ah, 1992).
Amenorrhea is a condition associated with low bone mass particularly in women
athletes engaged in endurance activities. Studies examining the vertebral bone density
have found that these women have bone mineral content 22% to 30% below that of
age-matched controls (Jonnavithula et al, 1993). Researchers associate this low bone
mineral content with an accelerated bone resorption that is characteristic of estrogen
deficiency (DeCree, et al, 1991).
In 1987, Ettinger, Genant, and Cann reported that initiating estrogen therapy in
postmenopausal women who have recently lost ovarian function typically increases
spinal trabecular bone density about 5% in the first year and thereafter maintains it at
a relatively constant level. Epidemiologic investigations have found 50% higher spinal
bone mass as determined by quantitative computed tomography measurements among
women using estrogen for an average of 17 years compared to non-users (Ettinger,
Genant, & Cann, 1985).
Christiansen and Rii (1990) conducted a one year study of postmenopausal
osteoporotic women treated with a combination of estrogen and progesterone plus 500
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mg calcium daily.

The investigators found that spinal bone mineral content increased

significantly by 8-10%, and midshaft of the forearm and total body bone mineral
content increased by 3-5% when compared to that in the placebo group or the group
treated only with 500 mg calcium daily.
In 1990, Lindsay and colleagues confirmed that estrogen therapy appears to be
an effective therapy for patients with established postmenopausal osteoporosis.
In general, all studies of hormone replacement therapy have drawn similar
conclusions. Estrogen intervention reduces bone remodeling to premenopausal levels
and thus reduces the rate of loss of skeletal tissue provided adequate doses are
administered (Lindsay, 1993; Genant et al., 1990).

Summary
Among elderly Chinese in Hong Kong the mean calcium intake is very low
compared with a population of similar age in Southampton England (200 mg/d vs 680
mg/d) (Lau et al, 1988). The incidence of osteoporotic fractures is comparable to that
among Caucasian populations, and it is thought by some that long-term calcium
supplementation may be important in the prevention of osteoporotic fractures in the
Chinese women in Hong Kong (Woo, Swaminathan, Lau, MacDonald, Pang, & Nordin,
1991).
Lee (1992) made no definite conclusions regarding causes for the rise in
incidence of hip fractures among Chinese females compared to the low incidence
among the Malays and Indians in Singapore. However, Teh (1993) reported in a recent
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post-conference symposium on Prevention of Osteoporosis in Singapore that there were
decreases in daily living activities, most work-related physical activities, and exercise
of the Chinese population in Singapore. It was shown in two National surveys in 1992
that only 8.1% to 13.6% of the population are exercising regularly (3 or more times a
week) and that the current physical activities are not sufficient to have any significant
beneficial effects on bone status. Earlier Chalmers and Ho (1970) had suggested that
hard physical labor might be the factor that protected the Bantu, the Singaporean
(Chinese, Malays, and Indians), and the Hong Kong Chinese against hip fracture. It
appears the increased affluence in Singapore has led to certain lifestyle changes and that
these changes may affect bone quality.
The results of these studies point to the importance of maintaining physical
activity and an adequate calcium intake. This may be especially true in elderly Chinese
people who grew up in rural communities characterized by high levels of physical
activity and a diet low in calcium, but who now have little physical activity and
continue to eat their traditional low calcium Chinese diet (Lau, Dorman, Barker, &
Cooper, 1988).
The relationship of dietary and lifestyle factors to bone mineral content of
healthy Chinese women living in Singapore has not been evaluated. This study presents
the opportunity to investigate these relationships in Singaporean Chinese women.
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CHAPTER III

METHODOLOGY

This study was approved by the Institutional Review Board of Loma Linda
University (Appendix A). Permission to contact subjects to obtain information about
dietary intake and activity and to utilize bone mineral density data collected earlier was
granted by investigators at the National University of Singapore (Appendix B) and the
study was conducted in keeping with approved practices of the National University of
Singapore.

Subjects and Methods
The subjects of this study of diet, physical activity and bone mineral content are
41 healthy Chinese Singaporean women aged 33 to 75 who are part of a larger study
begun in 1986 to investigate bone mineral content.

At that time the bone mineral

content (g/cm) of the lumbar spine (L2-L4) and the femoral neck were measured in 136
women at the National University of Singapore using the Novo BMC Lab 22a dual
photon bone densitometer (DPA). These data were used in setting up the norm for
bone mineral density (g/cm2) for Singaporean women. A sample of the original patient
questionnaire including bone density information is found in Appendix C. The bone
density norm for Singaporean women are found in Appendix D.
In early 1992, attempt was made by mail to contact the male and female subjects
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from the original 1986 bone mineral content study. They were informed of the new
bone densitometer acquired by the National University for assessing bone mineral
content and percent body fat and asked to call for an appointment for another
measurement.

If subjects did not respond, attempt was made to call them.

Bone

mineral content measurements for this project were done 2 to 3 times a week.
Examples of bone mineral density data collected in 1992 are found in Appendix E.
From late February 1992 to August 1993 only 59 of the original 136 female
subjects had returned for follow-up bone mineral content measurement.

Failure to

return for follow-up was due primarily to change of address with no forwarding address
available. Request for forwarding addresses using subjects’ identification numbers was
made to the Centre for National Registry by Doctor Kamal Bose, Professor and Head,
Department of Orthopaedic Surgery National University of Singapore. There was no
response to this request.
Follow-up bone mineral content measurements were obtained in 1992-1993
using the Norland XR-26 Mark II dual energy X-ray bone densitometer (DPX). The
mean coefficient of variation (CV) for measurement of the spine using this instrument
is 1.0% and for the femoral neck is 2.5% (see Appendix E). Lumbar spine (L2-L4) and
femoral neck scans were done by a research assistant of the Orthopaedic Diagnostic
Center, National University of Singapore. In order to determine change in bone mineral
content the data obtained in 1986 by DPA were converted to DPX, using the formula:
DPX, = 1.13DPA + 0.06, where the constant 1.13 and the intercept of 0.06 were
obtained by measuring the lumbar spine of 31 normal healthy volunteers using both the
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DPA and DPX machines. The correlation between DPA and DPX was determined by
multiple linear regression. The difference between DPX, and DPX2 (the second bone
mineral content measurement) equals the change in bone mineral content over the 6
year period. The percent change in bone mineral content per year and the body mass
index [BMI, weight(kg)/ height(m2)] were also calculated.

All information on bone

mineral content was provided by the Orthopaedic Diagnostic Centre of the National
University of Singapore.
Two of the returning subjects were Eurasians and were excluded from this study.
Letters requesting a personal interview were mailed to the remaining 57 subjects, of
whom 41 consented to be interviewed. Ten of those declining to be interviewed stated
lack of time as the reason even though the interview was conducted at the time and
place of the subjects’ convenience.

The investigator was unable to contact the

remaining potential subjects.
A questionnaire (Appendix F) was used in a personal interview to collect data
on current and lifetime dietary and lifestyle practices. It included demographic and
lifestyle questions, a food frequency and examples of physical activities common to the
subjects.

The questionnaire was pretested by interviewing a sample of 10 Chinese

women and all answers were reviewed. There were no unanswered questions for the
demographic and lifestyle questionnaire.

However, many food items on the

questionnaire were not consumed by the Chinese in Singapore and these items were
excluded from the actual interviews. All lifestyle data were edited and doubly entered
into SPSS/PC+ data entry program (SPSS Inc.) by the investigator.
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The interview was conducted on a one-to-one basis by the investigator, with
each interview lasting from one and a half to two hours. Some interviews took place
right before or after the bone mineral content measurement at the Singapore National
Hospital, others at the subject’s residence or place of work. Interviews began as early
as 9 o’clock in the morning and went as late as 10 o’clock in the evening.

The

languages used in conducting the interviews included English, Mandarin, and many
other local Chinese dialects.
Singapore is a multi-racial and multi-cultural country of only 633 square
kilometers. Singaporeans pay tribute to a whole pantheon of gods and goddesses with
a succession of festivals throughout the year.

The Chinese traditional beliefs and

observance of traditional auspicious days resulted in many interruptions in conducting
the personal interviews. In addition, Singaporeans work five and a half days per week
and by the time they get off work at one o’clock Saturday afternoon they want to spend
the weekend with their family. Therefore, obtaining an appointment for interview and
follow-up by telephone could be very tedious.

Nutritional Data
The food frequency questionnaire was specially designed for this study and
included 225 of the most commonly consumed oriental food items and nondairy sources
for calcium. The reason for including such large numbers of food items was to capture
the food intake pattern of each subject over the current 6 year period as well as the past
intake pattern. The past intake pattern focused on intake from 12 to 13 years of age.
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This is the time when the adolescent growth spurt occurs and approximately 45% of the
adult’s skeletal volume is formed (Matkovic, 1991; Bonjour, et al., 1991; Theintz et al.,
1992). Food portions were listed in commonly used sizes. The same food frequency
questionnaire was used to assess both the current and past dietary intake. Current food
intake was estimated from the amount purchased, how it was prepared, the number of
persons eating that food item, and average portion size. Assessment of the past dietary
intake included the socioeconomic status of the parents, place of residence, the number
of siblings, the availability of food, how food was prepared, and the amount of food
consumed by the subject. The various factors surrounding the subjects’ past dietary
intake were investigated because they were the main factors that affected what the
subject consumed.
Nutritional data from current and past dietary intake for each food item was
calculated into average intake in g per month by the investigator. This information was
entered into the Food Processor Plus, a nutrition and diet analysis system (ESHA
Research, Salem, Oregon). Nutrient data of the 225 oriental food items were obtained
from the Nutrient Composition of Malaysian Foods and entered into the Food Processor
Plus data base (Tee et al., 1988).
The average daily intakes of calcium (mg/day), phosphorus (mg/day) and protein
(g/day) on past and current diets were calculated and entered into the SPSS/PC+ data
entry program. The average daily calcium intake was classified as low, if intake was
below the median and high, if it was above the median in each study group.
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Physical Activity
Current physical activity assessment included exercise and work place activity
levels as classified according to occupation in Singapore following the hand book of
the Training and Health Education Department, Singapore Ministry of Health, 1992.
The activity levels were: light; 75% of time sitting or standing and 25% of time
standing and moving around; example housewife, healthy retiree, indoor sales person,
light industry worker, office worker, taxi driver, tailor, assembly worker, and
electrician; moderate, 25% of time sitting or standing and 75% of time doing some
work; example teacher, hospital nurse, technician, carpenter, plumber, packer, cleaner
waiter, and gardener; heavy, 40% of time sitting or standing and 60% of time doing
heavy work example heavy industry worker, construction worker, army cadet, athlete,
dancer, laborer, miner, sportsmen, and house painter.
Past physical activity was assessed by questionnaire and focused on common
local children’s activities such as walking to and from school, cycling, swimming,
climbing stairs, badminton, table tennis, and helping around the house. Activity during
24 hours were estimated including time in school and sleeping. Physical activity was
reported in hours per day.

Data Analysis
Subjects were classified according to their menopausal and hormonal status.
There were 16 subjects in the premenopausal group;

13 subjects who experienced

natural or surgical menopause before 1980 but were not receiving hormone replacement
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therapy were classified as postmenopausal.

Subjects who experienced menopause

between 1981 and 1986 were classified as perimenopausal (m=8).
All data including the 1986 and 1992 bone mineral density measurements
obtained from National University of Singapore were doubly entered into the SPSS/PC+
data entry program. Descriptive statistics (mean, median, mode and histogram) were
computed for all variables.

Twenty-two independent variables thought to influence

bone mineral content were selected for analyses and a logarithmic transformation was
used to normalize the data as required.
Student’s T-test was used to compare group means.

Univariate regression

analysis was carried out for each subject group for each independent variable with
lumbar spine bone mineral density in 1992, the change in lumbar spine bone mineral
bone density from 1986 to 1992, femoral neck bone density in 1992, and the change
in femoral neck bone density from 1986 to 1992. Due to small numbers in each group
multivariate linear regression was not carried out.
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CHAPTER IV

RESULTS

Demographic Characteristics
The subjects were 41 healthy Singaporean Chinese women who were a subgroup
of a larger follow-up of the Singapore osteoporosis study which began in 1986. The
41 subjects included 16 premenopausal women and 13 postmenopausal women. Eight
women who experienced menopause less than 5 years prior to 1986 were classified as
perimenopausal women. Four subjects were excluded from analysis, one due to very
low bone mineral density (greater than 2 SD below the mean) and three postmenopausal
women who were receiving hormone replacement therapy.
In 1993, 35% of the subjects were considered postmenopausal,

22%

perimenopausal, and 43% premenopausal. Demographic characteristics of the subjects
are shown in Table 1.

There were about equal numbers of subjects who lived in

Singapore for more than 25 years in all three groups. There were no differences in
socioeconomic status among the groups. Premenopausal women had significantly more
education than perimenopausal women (mean years of education, 9.6 yrs vs 6.2 yrs, p
< 0.05).

The mean of 7.5 years of education in postmenopausal subjects was not

different from the other two groups.
Not unexpectedly postmenopausal women were 6 cm and 3 cm shorter than
premenopausal and perimenopausal women respectively. The mean BMI of
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Table 1

Demographic characteristics

Premenopausal
(n = 16)
Characteristic

Mean (SD)

Perimenopausal
(n = 8)

Postmenopausal
(n = 13)

Mean tSD)

Mean (SD)

67.31(±4.25) 1,4

Age, years

42.56(+4.53)

57.62(+4.25)

Height, cm

157.75(+5.02)

154.23(13.94)

151.23(14.04)

BMI

22.32(12.85)

25.21(14.71)

23.26(14.27)

Age at menarche

13.00(11.83)

13.75(11.39)

14.15(11.77)

52.00(12.00)

46.23(15.39)5

1.50(11.21)

4.25(12.82)3

4.31(12.50)2

Time breastfeed, month 1.12(13.07)

43.25(170.83)

20.69(134.62)

5.00(10.00)

5.00(10.00)

Age at menopause
N. of pregnancies

> 25 yrs in Singapore

4.94(10.25)

Significantly different from premenopausal value, p < 0.001
Significantly different from premenopausal value, p < 0.01
Significantly different from premenopausal value, p < 0.05
Significantly different from perimenopausal value, p < 0.001
Significantly different from perimenopausal value, p < 0.01
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perimenopausal women was about 3 kg/m2 greater than the premenopausal and 2 kg/m2
more than the postmenopausal women.

Postmenopausal

women experienced

menopause 6 years earlier than the perimenopausal women. Premenopausal women
experienced about 3 fewer pregnancies than either perimenopausal or postmenopausal
women and the duration of breastfeeding in premenopausal women was more than 43
months shorter compared to perimenopausal and approximately 19 months shorter than
postmenopausal subjects.

Dietary and Lifestyle Characteristics
All of the postmenopausal women were retired, whereas 13% of the
perimenopausal and 81% of the premenopausal women were working outside the home.
Fifty percent of the working premenopausal women were doing light office work.
More than one third (39%) of the postmenopausal, 25% of the perimenopausal, and
13% of the premenopausal women reported no daily exercise. Most of the women
reported spending some time in the sun daily (94% of premenopausal, 85% of
postmenopausal, and 75% of perimenopausal).

These relative percentages were

reflected in the mean time spent in the sun (Table 2).
All of the perimenopausal women reported that they prepared their family meals
compared to 69% of the postmenopausal and 50% of the premenopausal women. Most
of the premenopausal (94%), postmenopausal (92%), and perimenopausal (75%) women
reported they eat at the food centers (hawker centers in Singapore) more than once per
week. No change in dietary intake since 1986 was reported by 75% of the
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Table 2

Dietary and lifestyle characteristics *

Premenopausal
(n = 16)

Perimenopausal
(n = 8)

Mean (SD)

Characteristic

Mean (SD)

Postmenopausal
(n = 16)
Mean tSD)

Exercise
(hr/wk)

6.13(±3.66)

5.75(±3.45)

4.76(±3.17)

Time in sun
(hr/day)

0.38(±0.31)

0.18(±0.16)

0.29(±0.26)

Past calcium
(mg/day)

530(±391)

354(+175)

515(+254)

Current calcium
(mg/day)

852(±463)

722(±503)

819(±573)

Past protein
(g/day)

59(±22)

47(±22)

57(±22)

Current protein
(g/day)

95(+44)

70(±31)

70(+22)

Past phosphate
(mg/day)

813(+409)

599(+247)

754(±306)

Current phosphate
(mg/day)

1164(+486)

939(±354)

992(±465)

Calcium/phosphate

0.72(±0.21)

0.82(+0.62)

0.79(+0.27)

Energy intake
(kcal)

1634(+612)

1241(+488)

1403(+575)

471 (+180)

527(+368)

498(+191)

Nutrient density
(mg calcium/1000 kcal)

None of the differences are significant
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premenopausal, 69% of the postmenopausal and 50% of the perimenopausal women.
Use of calcium supplements was reported by 69% of the postmenopausal, 50%
of the perimenopausal and 37% of the premenopausal women. However, there were
no significant differences among the three groups in mean reported current calcium
intake, which included both dietary and supplemental calcium (Table 2). The mean
current protein intake was about 25 g higher in the premenopausal women but the
difference was only of borderline significance (p = 0.08).
Only 8% of postmenopausal and 25% of the perimenopausal women reported
they had ever smoked cigarettes; none of the premenopausal women had ever smoked.
All of the postmenopausal, 12% of perimenopausal and 6% of premenopausal women
reported drinking alcohol during the postpartum period in keeping with cultural
practices, however, they did not consume alcohol during pregnancy.

Ninety-two

percent of the postmenopausal and 87% of the perimenopausal and premenopausal
women reported drinking more than one cup of coffee daily.
coffee drinking also reported drinking tea daily.

Half of those reporting

Most (95%) of the subjects who

reported drinking tea and coffee said they added 1 to 2 tablespoons of condensed milk
to the beverages. Most of the subjects (80%) who were interviewed at their residences
did not offer any kind of soft drink but served a small package of either local herb tea
or mixed fruit drink or soybean milk.

Bone Mineral Density (g/cm2) from 1986 to 1992
There were no reports of any family history of non-traumatic bone fractures in

44

any subject. Bone mineral density and the mean change in bone mineral density of the
lumbar spine (L2-L4) and femoral neck from 1986 to 1992 is shown in Table 3.
Postmenopausal women had significantly lower mean baseline (1986) lumbar
spine bone mineral density than either premenopausal or perimenopausal women.
Postmenopausal and perimenopausal women had significantly lower 1992 mean lumbar
spine bone density than the premenopausal women.
Mean femoral neck bone density was significantly lower at baseline in
postmenopausal women compared to premenopausal subjects. In 1992 femoral neck
bone density was significantly lower in both postmenopausal and perimenopausal
women compared to premenopausal women.
From 1986 to 1992 the change in bone mineral density in the 37 subjects ranged
from -29.3% to +8.4% for the lumbar spine (L2-L4) and from -26.4% to +3.0% for the
femoral neck. Over the six year period perimenopausal women lost significantly more
bone from the lumbar spine than did either the premenopausal or postmenopausal
women (Table 3).

Loss from the femoral neck bone was significantly greater in

perimenopausal women compared to premenopausal subjects.

Results on Univariate Analyses
Univariate regression analysis was used to analyze various relationships among
the dependent and independent variables.

Age was inversely associated with 1992

lumbar spine bone mineral density in perimenopausal and postmenopausal women but
had an opposite effect in the premenopausal women (Table 4). However, the
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Table 3

Bone mineral density (g/cm2) in 1986 and 1992

Premenopausal
(n = 16)
Characteristic

Mean tSD)

Perimenopausal
(n = 8)

Postmenopausal
(n = 13)

Mean (SD)

Mean tSD)

Lumbar spine
1986

1.13( ±0.14)

1.10( ±0.11)

0.85( ±0.18) 1,5

1992

1.05( ±0.14)

0.92( ±0.13)3

0.77( ±0.19)

Average decrease (%) -6.45( ±7.21)

-16.29( ±7.66)2

-7.47( ±8.89)6

Femoral neck
1986

0.93( ±0.11)

0.87( ±0.10)

0.77( ±0.15)2

1992

0.85( ±0.12)

0.73( ±0.08)3

0.68( ±0.15)2

Average decrease (%) -9.31( ±6.28)

-15.52( ±6.76)3

-11.81( ±8.58)

Significantly different from premenopausal value, p < 0.001
Significantly different from premenopausal value, p < 0.01
Significantly different from premenopausal value, p < 0.05
Significantly different from perimenopausal value, p < 0.001
Significantly different from perimenopausal value, p < 0.01
Significantly different from perimenopausal value, p < 0.05
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coefficients were not significantly different from zero.
There were significant positive relationships between lumbar spine bone density
and BMI, duration of breastfeeding and exercise in premenopausal women.

No

significant associations were found between number of pregnancies and age at
menopause in any group.

The 1992 lumbar spine bone mineral density tended to

increase with age at menarche in the postmenopausal women (Table 4).
No significant relationship between lumbar spine bone mineral density in 1992
and any of the dietary variables was found, although the bone mineral density tended
to increase with tea in premenopausal women and with current protein in
premenopausal and postmenopausal groups (Table 5).
There were no significant relationships between change in lumbar spine bone
mineral density and demographic or lifestyle characteristics in perimenopausal women.
Change in lumbar spine bone mineral density was significantly associated with BMI
and occupation in the premenopausal women and with exercise in postmenopausal
women (Table 6).
A significant inverse relationship was found between change in lumbar spine
bone density and current calcium intake in perimenopausal women (Table 7). However,
no significant relationships were found between change in lumbar spine bone mineral
density and dietary variables in either premenopausal or postmenopausal women.
Significant relationships were found between femoral neck bone mineral density
in 1992 and BMI and exercise in premenopausal women (Table 8). Age at menopause
was inversely related to femoral neck bone density in perimenopausal women. Femoral

47

Table 4

Univariate regression coefficient (r) with confidence interval (Cl)
between lumbar spine bone mineral density in 1992 and demographic
and lifestyle factors in Chinese women.

Premenopausal

Factors

Perimenopausal

Postmenopausal

(n=16)

(n=8)

(n=13)

r(Cl)

r(Cl)

r ten

(-0.1040, 0.1983)

-0.093
(-0.3330, 0.1463)

-0.057
( -0.1751, 0.0606)

Height

0.041
(-0.1093, 0.1918)

0.093
(-0.1455, 0.3333)

-0.007
( -0.1314, 0.1160)

BMI

0.151
(-0.0266, 0.2768)

-0.098
( -0.3272, 0.1302)

0.084
( -0.0261, 0.1948)

0.013
( -0.2434, 0.2701)

0.093
( -0.0248, 0.2121)

-0.096
( -0.3674, 0.1741)

-0.014
( -0.1380, 0.1089)

Age

Age at menarche

0.047

-0.034

(-0.1865, 0.1181)
Age at menopause

0.045
(-0.1062, 0.1965)

-0.129
( -0.3422, 0.0832)

( -0.0808, 0.1610)

0.184
Duration breastfeed
( 0.0433, 0.3249)

-0.093
(-0.3330, 0.1463)

-0.008
( -0.1319, 0.1155)

Exercise

0.185
( 0.0690, 0.3019)

0.011
( -0.2372, 0.2602)

-0.068
( -0.1840, 0.0462)

Occupation

0.057
(-0.0965, 0.2113)

0.094
( -0.2694, 0.4591)

-0.032
( -0.1647, 0.0992)

N. of pregnancies
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0.040

Table 5

Univariate regression coefficient (r) with confidence interval
(Cl) between lumbar spine bone mineral density in 1992 and
dietary factors in Chinese women.

Premenopausal

Factors

Perimenopausal

Postmenopausal

(n=16)

(n=8)

(n=13)

r(Cn

r ten

r ten

Tea

0.097
( -0.0491, 0.2449)

-0.056
( -0.3074, 0.1943)

-0.014
( -0.1409, 0.1121)

Coffee

0.036
(-0.1199, 0.1920)

-0.018
( -0.2746, 0.2383)

0.023
( -0.0991, 0.1465)

Current calcium

-0.053
( -0.2027, 0.0957)

-0.123
(-0.3395, 0.0935)

0.022
( -0.1005, 0.1454)

Current protein

0.060
( -0.0884, 0.2084)

0.046
(-0.1987, 0.2907)

0.059
( -0.0581, 0.1767)

Current phosphate

-0.031
(-0.1828, 0.1198)

( -0.2878, 0.2028)

0.022
( -0.1005, 0.1454)

0.025
(-0.0608, 0.1126)

-0.055
(-0.2982, 0.1872)

-0.017
( -0.1410, 0.1055)

Calcium/phosphate

-0.042
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Table 6

Univariate regression coefficient (r) with confidence interval (Cl)
between change in lumbar spine bone mineral density from 19861992 and demographic and lifestyle factors in Chinese women.

Premenopausal

Factors

Perimenopausal

Postmenopausal

(n=16)

(n=8)

(n=13)

r rcu

r (Cl)

r (CD

( -8.5027, 7.6367)

3.233
(-11.2025, 17.6691)

2.366
( -3.4593, 8.1927)

Height

0.665
( -7.3361, 8.6661)

3.126
(-11.3326, 17.5859)

-0.388
( -6.5284, 5.7512)

BMI

7.140
( 0.2542, 14.0257)

-1.925
(-16.1183, 12.2683)

4.116
( -1.2040, 9.4373)

Age at menarche

-2.619
(-10.5523, 5.3130)

-1.366
(-16.0963, 13.3629)

4.100
( -1.6418, 9.8418)

1.450
(-15.0252, 17.9252)

-1.016
( -7.0341, 5.0008)

0.684
( -7.3795, 8.7484)

-4.225
(-17.9121, 9.4621)

1.483
( -4.4858, 7.4525)

5.046
Duration breastfeed
( -3.7387, 13.8320)

3.223
(-11.2025, 17.6691)

1.226
( -4.7272, 7.2605)

Exercise

-0.522
( -8.2270, 7.1820)

-0.975
(-15.2648, 13.3148)

-5.033
( -9.9471,-0.1194)

Occupation

7.192
( 0.0194, 14.3645)

2.957
(-18.4948, 24.4091)

-0.066
( -7.0639, 6.9306)

Age

-0.433

Age at menopause

N. of pregnancies
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Table 7

Univariate regression coefficient (r) with confidence
interval (Cl) between change in lumbar spine bone mineral
density from 1986-1992 and dietary factors in Chinese women.

Premenopausal

Factors

Tea

Perimenopausal

Postmenopausal

(n=16)

(n=8)

(n=13)

r ten

r (CD

r (CD

- 0.861
(-9.1195, 7.3968)

(-15.1288, 14.4488)

-2.137
( -8.0957, 3.8214)

Coffee

-1.106
(-9.3552, 7.1419)

2.366
(-12.2359, 16.9693)

0.150
( -5.9090, 6.2090)

Current calcium

1.965
( -5.9656, 9.8956)

-11.025
(-20.1822, -1.8677)

1.400
( -4.5791, 7.3791)

Current protein

-0.935
( -8.9273, 7.0573)

-4.325
(-17.9809, 9.3309)

2.216
( -3.6385, 8.0719)

Current phosphate

-0.785
( -8.7826, 7.2126)

-1.325
(-15.5867, 12.9367)

1.400
( -4.5791, 7.3791)

1.873
Calcium/phosphate
( -4.8065, 10.8365)

-0.225
(-14.5462, 14.0962)

-4.166
( -9.4680, 1.1346)

-0.340
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Table 8

Univariate regression coefficient (r) with confidence interval (Cl)
between femoral neck bone density in 1992 and demographic and
lifestyle factors in Chinese women.

Premenopausal

Factors

Perimenopausal

(n=16)

(n=8)

r (CD

r ten

Postmenopausal
(n=13)
r (Cl)

0.057
( -0.0774, 0.1930)

-0.084
(-0.2127, 0.0429)

( -0.1595, 0.0107)

0.095
(-0.0310, 0.2225)

0.013
(-0.1389, 0.1665)

0.036
( -0.0584, 0.1322)

0.120
( 0.0000, 0.2398)

0.013
(-0.1341, 0.1616)

0.054
( -0.0369, 0.1460)

0.010
(-0.1283, 0.1499)

-0.075
( -0.2091, 0.0578)

0.023
( -0.0814, 0.1288)

-0.118
( -0.2426, 0.0056)

-0.030
( -0.1270, 0.0655)

0.046
( -0.0897, 0.1835)

0.003
(-0.1452, 0.1517)

-0.020
( -0.1178, 0.0771)

0.109
Duration breastfeed
( -0.0369, 0.2563)

-0.084
( -0.2127, 0.0429)

-0.068
( -0.1561, 0.0181)

Exercise

0.121
( -0.0088, 0.2522)

-0.017
(-0.1647, 0.1302)

-0.049
( -0.1424, 0.0429)

Occupation

-0.026
(-0.1683, 0.1155)

-0.037
(-0.2585, 0.1845)

0.022
( -0.0824, 0.1280)

Age

Height

BMI

Age at menarche

Age at menopause

N. of pregnancies
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-0.074

neck bone density had a tendency for an inverse relationships with age and duration of
breast feeding in postmenopausal women.
There were no significant relationships between dietary variables and the 1992
femoral neck bone density in either premenopausal or postmenopausal women (Table
9). However, femoral neck bone mineral density tended to increase with current protein
intake in perimenopausal women.
Change in femoral neck bone mineral density was significantly related to
duration of breastfeeding and there was a tendency toward increased change in femoral
neck bone density with number of pregnancies in premenopausal women (Table 10).
Significant inverse association was found between change in femoral neck bone density
and age at menopause and duration of breastfeeding in postmenopausal women. No
significant relationships were found with any variable in perimenopausal women.
There were no significant relationships between change in femoral neck bone
density and dietary variables in either premenopausal or postmenopausal women,
although there was a tendency for an inverse relationship with current phosphate intake
in perimenopausal women (Table 11).
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Table 9

Univariate regression coefficient (r) with confidence interval
(Cl) between femoral neck bone mineral density in 1992 and
dietary factors in Chinese women.

Premenopausal

Factors

Perimenopausal

Postmenopausal

(n=16)

(n=8)

(n=13)

r (CD

r ten

r (Cl)

Tea

0.064
( -0.0729, 0.2025)

0.035
(-0.1135, 0.1848)

-0.009
( -0.1100, 0.0913)

Coffee

-0.016
(-0.1591, 0.1255)

0.057
( -0.0852, 0.1995)

0.057
( -0.0336, 0.1480)

Current calcium

-0.079
( -0.2095, 0.0515)

-0.017
(-0.1652, 0.1297)

0.001
( -0.0972, 0.0995)

Current protein

0.038
(-0.0984, 0.1744)

0.095
(-0.0179, 0.2094)

0.039
( -0.0549, 0.1346)

Current phosphate

0.021
(-0.1166, 0.1586)

0.006
(-0.1416, 0.1551)

0.001
( -0.0972, 0.0995)

Calcium/phosphate

-0.002
( -0.2148, 0.0433)

-0.053
( -0.1922, 0.0847)

-0.057
( -0.1480, 0.0336)
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Table 10

Univariate regression coefficient (r) with confidence interval (Cl)
between change in femoral neck bone mineral density from 19861992 and demographic and lifestyle factors in Chinese women.

Premenopausal

Factors

Perimenopausal

Postmenopausal

(n=16)

(m=8)

(n=13)

r ten

r ten

r ten

Age

3.155
( -3.6291, 9.9396)

-2.253
(-15.1040, 10.5973)

-0.875
( -6.6311, 4.8811)

Height

0.972
( -5.9714, 7.9146)

5.693
( -6.0481, 17.4347)

0.538
( -5.3203, 6.3975)

BMI

2.602
( -4.2021, 9.4071)

-0.500
(-13.1221, 12.1221)

1.991
( -3.6247, 7.6081)

Age at menarche

4.540
( -1.9812, 11.0612)

-0.466
(-13.5046, 12.5713)

-0.193
( -5.9450, 6.3325)

-1.566
(-16.0687, 12.9353)

-6.275
(-10.0120,-2.5379)

5.766
( -0.4286, 11.9607)

-6.800
(-17.4502, 3.8502)

-1.658
( -7.3283, 4.0116)

7.418
Duration breastfeed
( 0.5902, 14.2464)

-2.253
(-15.1040, 10.5973)

-5.308
( -9.7269,-0.8896)

Exercise

3.999
( -2.8453, 10.8439)

1.700
(-10.8174, 14.2174)

-3.108
( -8.4671, 2.2505)

Occupation

-4.016
(-10.8330, 2.7996)

Age at menopause

N. of pregnancies

3.342

(-15.4608, 22.1465)

55

1.138
( -5.4974, 7.7752)

Table 11

Univariate regression coefficient (r) with confidence
interval (Cl) between change in femoral neck bone mineral
density from 1986-1992 and dietary factors in Chinese women.

Premenopausal

Factors

Tea

Perimenopausal

Postmenopausal

(n=16)

(n=8)

(n=13)

rrcn

r ten

r TCP

-3.373
(-15.9769, 9.2303)

0.230
( -5.6390, 6.0990)

( -9.5004, 4.6137)

-5.693
(-17.4347, 6.0481)

1.108
( -4.6278, 6.8445)

Current calcium

-1.602
( -8.5079, 5.3029)

-3.200
(-15.4209, 9.0209)

3.425
( -1.8371, 8.6871)

Current protein

-2.072
( -8.9367, 4.7917)

0.650
(-11.9653, 13.2653)

1.625
( -4.0497, 7.2997)

Current phosphate

-1.102
( -8.0400, 5.8350)

-8.000
(-17.7828, 1.7828)

3.425
( -1.8371, 8.6871)

Calcium/phosphate

-1.740
( -9.4725, 4.1175)

4.150
( -7.7824, 16.0824)

-3.275
( -8.5843, 2.0343)

Coffee

2.191
( -4.9828, 9.2755)
-2.443
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CHAPTER V

DISCUSSION

Limitations and Strengths
Several factors limit the conclusions which can be made from this study. The
small sample size from loss-to-follow-up of many original subjects may limit the
application to the general population of Singaporean Chinese women. Furthermore, the
small sample size may lead to either 1) inability to detect a relatively large effect or 2)
to spurious associations due to chance, or due to confounding effects.
Dietary and lifestyle data were subject to recall over long periods of time. This
might affect the validity even though cues were given to aid in recall. Data from the
food frequency questionnaire was semiquantitative because only subjective definitions
of small, medium, or large portion sizes were given. Thus, the accuracy of intake of
calories and other nutrients, such as calcium is limited (Barrett-Connor, 1991).
The arbitrary listing of foods in the frequency questionnaire may also influence
responses, however, attempt was made to include culturally specific foods typically
consumed in the past as well as those representative of currant intake. Friedenreich and
colleagues (1992) assessed the retrospective measurement of dietary intake. They used
three measurements of diet: the "original" diet reported in the past at a given time
(point A); the "recalled" diet was the diet at time A which was reported at time B; and
the "current" diet which was the present diet at time B. They wanted to know if the
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recalled diet was a reliable estimate of the original diet and if the current diet influences
the reporting of the recalled diet.
They found the highest correlations between current and recalled diet and the
next highest between original and recalled diets and the lowest correlations between
current and original. Thus, they concluded that current diet influences the recall of past
diet, however, the recalled diet is a more reliable estimate of past diet than is current
diet. Lindsted and Kuzma (1988, 1990) found that awareness of diet and diet stability
helped to improve recall while an increasing age had a significant trend of decreasing
recall ability, but others found no differences (Sobell et al., 1989).
Data on physical activity was not routinely collected in past studies and no
standardized questionnaire was available for Singaporeans. A recent study conducted
on 322 women and 129 men assessed the reliability of long-term recall of participation
in physical activity in the preceding 1-10 years (Blair et al., 1991). The investigators
found agreement with baseline ranged from 60 to 75%. Therefore, the data obtained
may not be a true indication of what happened.
Finally, the Chinese women in this study were all healthy volunteers and thus
the results may be confounded by self-selection.
The strengths of this study include the design which provides an efficient means
for investigating the potential association of diet and lifestyle factors to changes in bone
mineral density over the 6 year period. It offers a direct method for evaluating risk of
osteoporosis (new cases) which diminishes the potential for observational bias.

59

Bone Mineral Density and Demographic. Reproductive, Lifestyle Variables
The mean lumbar spine and femoral neck bone mineral density of Singaporean
Chinese women in this study were comparable to the mean bone mineral density of
Chinese women in Taiwan (Tsai et al., 1991) and Japanese women in Japan (Hagiwara
et al., 1989) with similar age and weight.
Significant relationships were found between lumbar spine and femoral neck
bone mineral density in 1992, change in both lumbar spine and femoral neck bone
mineral density from 1986-1992 and some demographic and lifestyle characteristics and
dietary factors among the premenopausal, perimenopausal, and postmenopausal Chinese
women. The postmenopausal women in this study were 10 to 25 years older and were
3 to 6 cm shorter in mean height than perimenopausal and premenopausal women.
They had significantly lower bone mineral density at baseline compared to either
premenopausal or perimenopausal women.

This finding is similar to the reports of

others (Lacey et al., 1991; Hagiwara et al., 1989; Tsai et al., 1991). They achieved
menarche at a slightly later age as compared to either premenopausal or perimenopausal
subjects and they experienced menopause at an earlier age than the perimenopausal
women.

Soda and colleagues (1993) reported that postmenopausal women who

experienced menopause before 50 had significantly lower lumbar spine and femoral
neck bone mineral density. Since late menarche and early menopause lead to reduced
number of years of cycling estrogen (Lacey et al., 1991) it might be expected that this
would have a negative impact on bone mineral density. Although the late menarche
and early menopause suggest these subjects would have lower bone density no
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conclusions can be made because no group was available for comparison.
BMI was significantly associated with femoral neck bone density with a
tendency toward an association with lumbar spine bone density in premenopausal
women.

There was also a tendency toward an association of BMI with lumbar spine

and femoral neck bone density in the other groups. Significant correlation between
BMI and bone density of the lumbar spine and femoral neck was demonstrated by Kin
and colleagues (1993) in a study comparing bone density in Japan-born and U.S.-born
Japanese-American women 20-88 years of age.
Increased number of full-term pregnancies was reported to be associated with
increased bone mineral density in postmenopausal women (Fox et al.,1993). Although
perimenopausal and postmenopausal women in this study experienced a greater number
of full-term pregnancies than premenopausal women, no significant relationships with
bone density were found. However, significant association was found between number
of pregnancies and greater change in femoral neck bone density in premenopausal
women. Hreshchyshyn and colleagues (1988) reported that lumbar spine bone density
had no significant relationship with parity but femoral neck bone density was found to
decrease by 1.1% per live-birth. Others found that pregnancy and breastfeeding were
associated with higher bone mass (Aloia et al., 1983).
Hreshchyshyn and colleagues (1988) found that there was no significant effect
of breastfeeding on femoral neck bone density in women age 24 to 79 but lumbar spine
bone density increased 1.5% per breastfed child in women 35 to 65 year of age. No
relationship was found by other investigators (Fox et al., 1993).
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No significant

relationship between duration of breastfeeding and either lumbar spine or femoral neck
bone mineral density was observed in this study in perimenopausal women who had a
longer duration of breastfeeding. However, duration of breastfeeding had a tendency
toward an association with change in lumbar spine bone density in all study groups.
Significant association between exercise and lumbar spine bone density with a
tendency toward a positive relationship with femoral neck bone density was observed
in premenopausal women. Others reported a positive association between exercise and
bone mineral density (Halioua et al., 1989; Hirota et ah, 1992; Kin et al., 1993). Smith
and colleagues (1991) reported bone mass was greater in more physically active
individuals.

A significant inverse effect was found between exercise and change in

lumbar spine bone density in postmenopausal women. There was a tendency toward
an association with change in lumbar spine bone density in the other groups.

A

longitudinal study of postmenopausal women suggested that exercise can modify
involutional bone loss (Aloia et al., 1978).
Since there was great homogeneity in occupational activity levels among
premenopausal women and the physical activity levels of the perimenopausal and
postmenopausal women, it was not possible to find clear-cut relationships between
occupation or physical activity levels and bone mineral density.

Results from an

evaluation of five methods used for assessing physical activity in 255 postmenopausal
women indicated that failure to observe a relationship with physical activity may reflect
the way in which the activity was assessed and the activity that the assessment tool was
designed to measure (Cauley, et al., 1987). It may be that subjects in this study who
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reported high levels of activities in the past, had become quite sedentary more recently,
thereby off-setting the benefit to bone mass from increased past activity. Data from a
case-control study of women age 55-84 showed evidence of independent protective
effects of past physical activity and of moderate levels of recent physical activity on the
risk of hip fracture (Jaglal et al., 1993). The lack of variation in past physical activity
levels among the study groups prevented meaningful assessment of this variable with
bone mass.
A significant association between increasing age at menopause and decreased
change in femoral neck bone density was found in postmenopausal women and there
was a tendency toward an association with change in femoral neck bone density in
perimenopausal women.

Other investigators suggested that late menopause was

associated with greater bone mineral density in postmenopausal women (Fox et al.,
1993). There was a tendency toward an association between age at menopause and a
femoral neck bone density in both perimenopausal and postmenopausal women.

Dietary and Bone Mineral Density Variables
The reported mean energy, calcium, protein and phosphate intake of the
premenopausal women was higher than either the perimenopausal or postmenopausal
women. This may be a reflection that the premenopausal women were 15 to 25 years
younger and tended to be more physically active when compared to the other groups.
A borderline significant difference was noted in protein intake between the
premenopausal and perimenopausal (p < 0.08) or postmenopausal groups (p < 0.08).
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A tendency toward an association between current protein intake and an increase in
lumbar spine and femoral neck bone density was found in all study groups. A crosssectional study of both premenopausal women age 35-40 and postmenopausal women
age 55-60 found that protein intake was positively associated with bone mineral density
(Lacey et ah, 1991). Others suggested that protein and phosphate intake might have
a negative effect on calcium status (Abelow, Holford, & Insogna, 1992).
There was significantly greater bone loss from both lumbar spine and femoral
neck bone density from 1986 to 1992 in the perimenopausal women than either
premenopausal or postmenopausal women. Longitudinal data indicate that lumbar spine
bone loss begins before menopause and accelerates sharply during menopause, then
declines with time after 3 years (Pouilles et al., 1993). Soda and colleagues (1993)
suggested that substantial lumbar spine bone loss continued for about 10 years after
menopause, but that bone loss at the femoral neck continued for a much longer time.
A significant inverse relationship was found between change in lumbar spine
bone density and current calcium intake in perimenopausal women. A controlled trial
in 248 perimenopausal women age 46 to 55 concluded that calcium supplementation
retards lumbar spine bone loss by reducing bone turnover (Elders et al., 1991). Other
investigators reported that bone loss from spine was rapid and was not affected by
calcium supplements in women who were less than five years postmenopause (DawsonHughes et al., 1990).
In the present study, it was also noted that subjects who reported high dietary
calcium intake (> 500 mg/day) also reported taking calcium supplements of 500 mg to
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1000 mg/day. Dawson-Hughes and colleagues (1990) found that in postmenopausal
women whose calcium intake was < 400 mg/day, taking either calcium citrate malate
or calcium carbonate prevented bone loss from the spine, the femoral neck and the
radius. Postmenopausal women with dietary calcium intakes > 400 mg/day maintained
bone density at the hip and radius but lost bone from the spine despite calcium
supplements. It appears that there is a threshold effect for calcium intake.

Conclusions and Recommendations
Currently Singapore is in the position to assess the extent of the osteoporosis
problem and it urgently needs to determine the risk factors (Lee & Bose, 1989). Lee
(1992) reported a rise in the incidence of hip fractures among Chinese females in
Singapore over a five year period but continuing low incidence among the Malays and
Indians.

However, the causes for the differences in the incidence of hip fractures

among different ethnic groups have not been identified.
Even though genetic factors are important in determining peak bone mass,
environmental factors such as calcium intake and exercise are important in maximizing
the genetic potential (Johnston, & Slemenda, 1993).

Modification of dietary and

lifestyle factors within the population could lead to higher peak bone mass (Johnston,
& Slemenda, 1993) and thus help to protect from osteoporosis.
Despite the limitations, the results of this investigation suggest that BMI, age at
menopause, physical activity and calcium intake were associated with bone mineral
density in 1992 and change in bone mineral density at the end of the six years period
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of healthy Singaporean Chinese women in this study.
Further cross-sectional and longitudinal studies of a larger sample size are
crucial for establishing more conclusively the relationships between dietary and lifestyle
factors and bone mineral density and change in bone mineral density of healthy
Singaporean Chinese women.
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Loam Lauia. Cafijocxus 9Z3$(
(71-0 SZ+JSJi
MX: aW S24-US-

Cffia efSpocsxxd RzKatxi

July 29, 1992

Ms. Ampai D. AlmsM
Dqjartment of Nutrition
School of Public Health
Loma Linda University
Dear Ms. Aimsiri:

LLU §92088

-Your proposal for a study entitled '‘The Relationship of Dietary and lifestyle Factors to Bone
Mineral Content of Healthy Singaporean Chinese Women" was reviewed administratively on
behalf of the Institutional Review Board of Loma Linda University on July 29, 1992.
The actions of the review are as follows:
. The subjects are at no risk:
The protocol is approved from July 29, 1992 to July 28, 1993.
If there are modifications to the proposed research protocol or consent form, or problems
arising from the study, please notify the Board in writing. If you have any questions, please
feel free to contact us.
You arc required to provide a progress report on this study in one year indicating the number
of subjects enrolledBest wishes for success In .this project
Sincerely yours.

Saukel, MD.
Chairman
Institutional Review Board
/a
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B
NATIONAL UNIVERSITY OF SINGAPORE
FACULTY OF MEDICINE
of OrttopMdc Surgery
NsOomI Uafv»r»fty Ho«pttaf
Lamm Kaot RJdo* Ro*d
SJnG*poo» 0511

KAMAL BOSE
FHjCS. (Ed). ERA£LSw UX3i, (Ortfq AM.

TELEPHONE : 772.4320
RS 55503 NUH
TELEX
7780720
FAX

PROFESSOR * HEAD
OopttmooC of Orthop—dfc Sunjwy
Nabonaf UnfvMfty of Stngapooa
CHIEF
D«p«ftnMot of OcthopMdk: Surgwy
Ncttooal Unfv«nfty Ho^ttai

14 February 1992

Ms Ampai Dana Aimsiri
11667 Pecan Way
Loma Linda, CA 92354

Dear Ms Aimsiri
Thank you for your letter dated 4 November 1991.
In principle, I have no objection for you to access our data. However, I
have asked Dr James Goh, whom you have met, to get in touch with you
concerning the detail of your request. Dr Goh is currently carrying out
a repeat BMC scan on those subjects previously done. Please contact
him for more information.
Youfls sincerely

[At: BOSE
HEAD
DEPARTMENT OF ORTHOPAEDIC SURGERY

cc: Dr James Goh
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PATIENT DATA FOR OSTEOPOROSIS INVESTIGATION
PERSONAL DETAII^S
IC Nuaber

185^^°

Naaie

Entry Date

Birth Date

Hard.

Bed

_£

Sex

a^o

"iL

Race

Oi.

Address
Telephone

Code
Diagnosis „

Treatment

Fractures

MEDICATION
/-\
Steroids (Y/N) i l

w

/-\
10-99 : :

w

/-\
100-199 ; I

w

/~\
200-399 : J

w

> 400

(Expressed in mg-years, i.e. doeage/year x' number of years)
Tetracycline (6 g/aonth for 1 yr or acre) (Y/N)

M
W
/-\

Antacids (alujainium—containing)

(Y/N)

W
DIET
Alcohol (drinks/week) £)_

Coffee (cups/week) jd

Tciiacco (jtacks/day)

Calcium (ng/day) (total dietary intake)

O__

83

Tea (cups/week)

/-\
: !

w
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FAMILY HISTORY

0

Number of relatives with fractures or osteoporosis

ACTIVITY
/-\

Bedridden

t

J

w

/-\

Confined to cbair and bed

w
/-\
« •

/-\

Limited walking 5UJ

J J

Brisk walking

\-3/

/-\

Sedentary

/-\

Athletic

W
GYNAECOLOGICAL DETAILS
/-\

Menopause or panhysterectomy before age 40 (Y/N)

W
/-\

IMP 5 years ago without estrogen replacement (Y/N)

W
/-\

IMP 10 years ago without estrogen replacement (Y/N)

W
/-\

IMP 20 years ago without estrogen replacement (Y/N)

W
/-\

Estrogen Hx 0.6 mg or more for 1 year or 0.3 mg with calcium (Y/N): !

W
PHYSICAL VARIABLES

I5i

Weight (kg) JlI

Foot length (cm)

Height (cm)

Ana span (cm)

Body Surface Area (cm2)

COMMENTS

84

J

w
<

l

w
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BIOCHEMISTRY RESULTS
TEST

RESULT

NORMAL

TEST

3-'5-* aaol/1
2.1-2.6
Total Ca
135-150
1H6 mol/1
Sodium
95-105
Chloride
99, amol/1
Glucose
3.0-6.0
£>-9 umol/1
Phosphate
naaoI/1
0.8-1.4
Direct Bill
0.0-3.0
t
taaol/l
Protein
60-80
13 g/1
IU/1
5-40
ALT
ALP
20-95
^ IU/1
Ionised Ca
v l0) Binol/1 1.13-1.32

Urea
Potassium
C02

Creatinine
Total Bill
Albumin
GOT
AST
LDH

RESULT

___ aaol/1

Ho mol/1
3-<o-S EMO1/1
8o uaol/1
uaol/1
jf/l
H IU/1
IU/1
IU/1

NORMAL
3.0-6.5
3.3-5.0
24-31
45-120
5-25
30-55
5-80
5-40
90-180

FULL BLOOD COUNT
TEST

RESULT

NORMAL

TEST

RESULT

HBC

^•5o xlO°/l

4-11

RBC

s-\£

HOT

5o t ^

MCH
Platelets

RGB

g/dl

MOV

HI

fl

14-18 M
12-16 F
80-96

MCUC

3\-H

g/dl

31-38

xl012/l

4L_!_
SoO-

xlOVl

NORMAL
4.7-6.1
4.2-5.4
42-52
37-47
27-32
160-400

DIFFERENTIAL COUNT

TEST
Polymorphs
Monocytes
Basophils
ESR

RESULT
X
X.
X

NORMAL

TEST

40-74
3.4-9.0
0.0-1.5
1-20

Lymphocytes
Eosinophils
Leukocytes

RESULT
*
X
X

URINE RESULTS
TEST
Urine volume

RESULT

NORMAL

i^cC_ ml/day

Creatinine clearance

ml/min

Calcium

3-Sh

Phosphate

lh-c\

85

76-135

nmol/day

2.0-6.5

mmol/day

5-50

NORMAL
19-48
0.0-7.0
0.0-4.0

M
F
M
F
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BMC RESULTS
LUMBAR SPINE
Total EMC

. cm 1C

Soft tisane thickness%

Linear mean BMC

gHA/c®

U Area mean BMC

3X-o3 gSA
a-

tfHA/cza2 0:93

6-ZH gSA/cm3 0

VolnEsa mean EMC

FEMORAL NECK

Soft tissue thickness

Hn

cm

\_~\

eha

Total BMC

Linear mean BMC

g'HA/cm l-^ Area mean BMC

Volume mean BMC

gHA/cm3 0

Time

;

00 I

BMC (Y/N)

/-\
/-\
: Blood (Y/N)
/

/-\
Urine (Y/N) :U;

/-\

/-\
LSResult (Low/Nonsal/High)
Z-Score = "O'18- x SD

.'Nfl

w

Q-'\?>

FNResult (Low/Normal/Hi^h)
Z-Score =

REMARKS

86

o-n

\-/
x SD

gM/cxPGJfe
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NO^O

BMC —LAB

2

NATIONAL UNIVERSITY OF SIN6AP0RE, SINGAPORE 0511
Age (years)
Height
Weight

Female

File:1258199
Date:18068S
Lumbar Spine
Equiv. thickness (cm)
17
Region of interest
5-24
Number of scans
20

BMC-3 36
Total BMC
Lin. mean
Area mean
Vol. mean

File:1258199
Date:18068G
Right Femoral Neck
Equiv. thickness (cm)
18
Region of interest
12-16
Number of scans
5

BMC-3 3G
Total BMC
Lin. mean
Area mean
Vol. mean

87

K1 :
(gHA)
(gHA/cm)
(gHA/cm2) -*
(gHA/cm3) =

K1
(gHA)
(gHA/cm)
(gHA/cm2)
(gHA/cm3)

:

29
15G
G9

.983
33.96
4.24
.90
.24

.983
2.15
2.14
.77
.35

Appendix D

Fem Neck Singapore
Normal Women

88
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Age-relateddecrease in the lumbarspine andfemora!neck forfemales

Age gronp
30-39

Mon age
35.22

40-49

43.23
53.54
63.69
73.9.

50-59
60-69
70-79

n Lam bar spine % loss/yr Femoral neck %lo«s/yr
9
1.102
0.91
1.19
0.854
1.153
1.66
13
0.829
1.95

13
13
10

0.91
0.83
0.72

89

2.75
1.68
1.32

0.73
0.715

0.589

2.23
2.2
2.33
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Bone Densitometry Lab, Orthopaedic Diagnostic Centre

Name
ID 034366677
Age 50

Ethnic
Height 164
Weight 56

Sex Female

Manual Positioning MD

L2
L3
L4
L2 - L4

STD CVs for L2-L4
1.5 xl.5

BHD
g/cm2

BMC
g

LENGTH
cm

1.057
1.122
1.116
1.099

14.063
15.491
16.840
46.394

3.45
3.00
3.30
9.75

BMD: 1.0

BMC: 1.5

cm, 80.0 xm/s, 12.00 cm

See Guide for other CVs.

Rev. 2.3.0 / 1.3.0

COMMENTS

90

Callb.

15/05/93
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l^NnRLHNn

Bone Densitometry Lab, Orthopaedic Diagnostic Centre

Neae
ID 034366677
Age 50

Sex Female

inn h

L

Ethnic
Height 164
Weight 56

Left Hip

15/05/93 Sequence

Fern Neck Singapore
Normal Women

Z
T
Z
Z

Young kef.
- Score
Age Matched
- Score

93.4
-0.58
103.6
0.28

Image not for diagnostic purposes.
HD

Fern Heck
Troch
Wards Tri

SID CVs for Reck
1.0 x 1.0

i, 80.0

BMD
g/cm2
0.888
.0.806
0.638

BHD: 1.2

«/».

BMC
S
2.616
7.898
0.638

BMC: 1.7

9.00 cm

COMMENTS

91

LENGTH
cm
1.00
1.00

See Guide for otker CVa.

Rev. 2.3.0 / 1.3.0

Calib.

15/05/93
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Appendix F

QUESTIONNAIRES
FOR
THE RELATIONSHIP OF DIETARY AND LIFESTYLE FACTORS TO
BONE MINERAL DENSITY OF HEALTHY SINGAPOREAN
CHINESE WOMEN

Date

ID#
1-3

Date of first BMD
Date of second BMD

Please fill in the blank or check only one appropriate answer.
I.

Demographic

1.

How long have you lived in Singapore?
Less than 10 years

5

2.

10 to 15 years

3.

16 to 20 years

4.

21 to 25 years

5.

More than 25 years

92
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2.

Where were you born?
Singapore

7

3.

2

Malaysia

3.

China

4.

Others

How old are you?
years

Date of Birth
Month Day year

9 - 10

4.

What is your height?
cm or

inches

12 - 14

5.

What is your weight?
Kgs or

Pounds

16 - 18

6.

What was your usual weight at age 20?
Kgs or

Pounds

20 - 22

93
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7.

What is your marital status?
Single, never married

24

8.

2

Married

3.

Divorced

4.

Widower

5.

Other

What is the highest grade or year of regular school you have completed?

26 - 27

years (Elementary 0-8, High School 9-12, and
College 13-20)

94
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II. Current Food Frequency questionnaires

9.

Were you ever on any special diet?
No

0.

Yes, When did you start
29-30

When did you stop
32-33

What type of special diet were you on
35

10.

Do you plan and prepare your family’s meals?
No, who does

o.
37

Yes

11.

How often do you eat in a restaurant or hawker center?
times/ week
39

12.

Have you gained weight recently?
o.

No
Yes

If yes, when did you start gaining weight
41-42

How much weight did you gain
44-45

95
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13.

Have you lost weight recently?
o.

No
Yes

If yes, when did you start loosing weight
47-48

How much weight did you loose
50-51

14.

Have your diet patterns changed lately?
o.

No
Yes, how did they change
53

When did this change begin
55-56

15.

How does this diet pattern differ from your previous diet?

16.

Food frequency questionnaires

a.

How often do you eat name of food?

b.

How much of this food you eat?
(g, plate, or bowl)

96
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III.

Current Physical Activity Questionnaires

17.

Are you currently working at a paying job?
0.

Yes

58

2.

18.

No

Retired, when did you retire

How many hours do you work at this paying job per week?
hours/week
60-61

19.

What kind of work are you doing now?
Light office work

63

2.

Professional

3.

House work

4.

Laborer

5.

Others

97
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20.

Does your work or daily activity primarily involve:
(Check first 3 activities in order of 1, 2, and 3)
Squatting, how long

hours/day
65-66

2.

Sitting, how long

3.

Standing, how long

4.

Others

hours/day
68-69

hours/day
71-72

How long

hours/day
74-75

21.

When did you start working this job?
year
77-78

22.

How many minutes/hours do you usually stay or work in the sun each day?
minutes/hours
80-81

23.

What kind of work have you done most of your life?
I worked as

83
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24.

What other jobs did you work?
i-

Type of job
85-86

Approximated date
88-89

What type of activity
For how long
91-92
2*

Type of job
94-95

Approximated date
97-98

What type of activity
For how long
100-101
3-

Type of job
103-105

Approximated date
107-108

What type of activity
For how long
110-111

25.

What other activities do/did you usually do?
See modified Leisure time physical activities

99

Appendix F continued
IV.

Medical/Health and Reproductive History

26.

How would you rate your health at the present time?
excellent
2.

good

3.

Fair

4.

Poor

5.

Bad

113

27.

Have you ever been told by a doctor that you had any of the following?
Diabetes
2.

Chronic renal disease

3.

Malabsorption

4.

Hypothyroidism

5.

Hyperthyroidism

6.

Cancer

115-116

Cushing’s syndrome
8.

Chronic bone disease

9.

Osteoporosis

10.

28.

Other

How long have you had this disease?
years
118-119

100
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29.

Are you taking any medicines?
If yes, name of medicines
121-122

30.

How long have you had this disease?
years
124-125

31.

How much of this medicines did you take?
(dosage)
127-130

32.

Have you ever taken any of the following?
Birth control pills

132

33.

2.

Steroids

3.

Estrogen

How long have you been taking this medication?
When did you start
134-135

When did you stop
137-138

34.

How much of this medicines did you take?
(dosage)
140-143

101
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35.

Have you had any of the following?
Gastrectomy,

145

0

if yes, total 3__

No
, or

Yes

partial 4

How long ago
147-148

Hysterectomy, 0

No

Yes

if yes, how long ago____
150-151

Bilateral Oophorectomy, 0

No

Yes

if yes, how long ago_
153-154

36.
156

Are you taking any medications by yourself, without doctor’s prescription?
0.

No
Yes, may I please see all the medicines.

Name of medicine , manufacturer & dosages (for record)
1
2
3
4
5

6

102
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8
9
10

37.

Have you had any fractured bones since you were 45 years old?

158

0.

No
Yes,

38.

How many broken bones have you had after 45 years old?
broken bones, which bones
160

39.

What was the cause of the broken bones or fracture?
Car or bicycle accident
2.

3.
4.

5.

6.

Causes of fractures
112 13
Fall from high place, roof, |
stairs, ladder, etc.
Sport event
160 - 161
162

Fall while walking or running
Fall while walking on the
level or one step
Others

103
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40.

Have your father or mother had a non-traumatic fracture?
Father,

o.

No

Yes

If yes, how old was he
164-165

Mother,

o.

No

Yes

If yes, how old was she
167-168

41.

How many siblings do you have?
brothers
170

sisters
172

42.

Did any of your siblings have a non-traumatic fracture?
Total number of fractures
174-175

43.

How old were they when they had these fractures?
At aged
177-178

At aged
180-181

At aged
183-184

44.

How many children do you have?
children
186-187

104
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45.

Did any of your children have a non-traumatic fracture?
Total number of fractures
189-190

46.

How old were they when they had these fractures?
At aged
192-193

At aged
195-196

At aged
198-199

47.

How old were you when you had your first menstrual period?
years
201-202

48.

How many days did your period usually last?
days
204-205

49.

How often do/did you have your periods?
days
207-208

50.

Are you still menstruating?

210

0.

No, if no, please skip to question 51.
Yes, if yes, please continue with question 52.

105
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51.

Are your cycles regular or irregular?
Regular

212

2.

Irregular

If irregular, how long have they been irregular
214-215

52.

When was your last period?
month/year, how old were you
217-218

53.

Are you married?
o.

No

220

Yes, how old were you

54.

How many pregnancies did you have?
pregnancies,
222-223

55.

abortions
225

Did you breastfeed your children?
0.

No

227

Yes

56.

How many children did you breastfeed?
children
229-230

106
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57.

How long did you breastfeed each child?

First child for

months

Second child for

months

Third child for

months

Fourth child for

months

Other child for

months

average time

months
232 -233

58.

Do you usually take vitamin supplements?
0.

No
Yes, name of supplements
235-236

and brand

59.

Do you take calcium supplements?
o.

No
Yes, when (first taken)
238-239

How much calcium is in the supplements
Name and brand of supplements

107
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60.

How many cups of tea do you usually drink each day?
cups/day
241-242

When did you start drinking tea
244-245

When did you stop drinking tea
247-248

What type of tea do you drink
250

61.

How many cups of coffee do you usually drink each day?
cups/day
251-253

When did you start drinking coffee
255-256

When did you stop drinking coffee
258-259

What type of coffee do you drink
261

62.

How many alcohol beverage do you usually drink each day?
cups/day
263-264

When did you start drinking alcohol
266-267

When did you stop drinking alcohol
269-270

What type of alcohol beverage do you drink
272

108
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63.

How many cigarettes do you usually smoke each day?
cigarettes/day
274-275

When did you start smoking
277-278

When did you stop smoking
280-281

What type of cigarette do you smoke
283

109
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V.

Past Dietary Practices (Aged 12-13 years old)

64.

Where were you when you were about 12 or 13 years old?
I was

LIFE EVENTS CALENDAR
65.

Was it before, during, or after the Japanese invasion?
(For aged group 56 and above)
Before Japanese invasion

66.

2.

During the invasion

3.

After the invasion

Was it before, during or after the Malaysian independence?
(For aged group 45 to 55 above)
Before
During
3.

67.

After

Was it before, during or after the Singapore independence?
(For aged group 35 to 44 years old)
i.

Before

2.

During

3.

After

110
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68.

Were you in elementary or high school when you were 12 or 13? (For aged
group below 35)
Elementary
2.

69.

High school

What was your parent’s occupation?
Father
Mother

70.

Do you think your family had enough food?
o.

No, didn’t have enough
Yes, we did have enough

71.

What type of foods did you eat?
Chinese

72.

2.

Mixed, Chinese and

3.

Others

Were they different from the food you eat currently?
o.

No
Yes

111
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73.

Food frequency questionnaire

When you were 12 or 13 year of age.

a.

How often did you eat name of food?

b.

How much did your eat? (each food)
(g, plate, or bowl)

112
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VI.

Past Physical Activity Assessment (For the 12 or 13 year time period)

74.

How many hours per day did you work when were about 12 or 13 years old?
hours/day
285-286

75.

How many times each day did you walk to and from school?
times, how long did they take

hour(s)
288

76.

How many hours did you ride bicycles each day?
hours/day
290

77.

How many hours did you swim each day?
hours/day
292

78.

How many flight of stairs did you climb each day?
flight of stairs/day
294-296

79.

How many hours did you play table tennis each day?
hours/day
298

113
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80.

How many hours did you play badminton each day?
hours/day
300

81.

How many hours did you do other things for pleasure each day?
hours/day
302

82.

How many hours did you help do house work each day?
hours/day
304

83.

How many hours did you sleep each day?
hours/day
306

84.

How many hours did you usually stay outside (in the sun) each day?
hours/day
308

Time spent in 24 hours
a.

How many hours in school

b.

How many hours at play

c.

How many hours at work (outside home)

d.

How many hours work at home

e.

How many hours for other activities
24 hour-total

114
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85.

How would you rate your socioeconomic status when you were 12 or 13
years old? (or present)
High
2

Above average

3.

Average

4.

Below Average

5.

Others

310

86.

How would you rate your socioeconomic status at present?
High
Above average

312
3.

Average

4.

Below average

5.

Others

115
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FOOD FREQUENCY QUESTIONNAIRE

ID #

Date

time period

For

ABBREVIATION USED:

D = DAY
W = WEEK
M = MONTH
X = TIMES
C = CUP

1.

How often did you eat name of food?

2.

How much did you eat?
(g, bowl, or plate)

116
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CEREALS & GRAIN PRODUCTS

FREQUENCY

OATS, PROCESSED OR ROLLED

RICE, BROKEN, COOKED,
UNPOLISHED, POLISHED, BRAN,
FLOUR, PORRIDGE W/ FISH,

GLUTINOUS RICE, BLACK,
WHITE, OR FLOUR

NOODLE. RICE, KUIH-TEOW, LOSEE-FUN, MEE-HOON, MEE-SUA,
WET OR DRIED

WHEAT, WHOLE GRAIN, FLOUR,
WHOLEMEAL FLOUR, GERM,

WHEAT PRODUCTS;
BISCUITS,
BREAD, COOKIES, MACARONI,

WHEAT NOODLE, MEE-KERING,
DRY, WET, MEE-BASAH
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FISH,SHELLFISH & PRODUCTS

FREQUENCY

ANCHOVY, FRESH OR DRIED

BLADDER, FISH, DRIED OR
FRIED

CATFISH

CLAM

COCKLES, FRESH, BOILED

CRAB, SEA OR LIVE, BOILED

CUTTLEFISH, FRESH OR DRIED

FISH, BALL, DRIED SALTED,
CRACKERS, CURRY CANNED,
SATAY, AND SAUCE

HALIBUT, INDIAN (SABELLAH)
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FISH, SHELLFISH & PRODUCTS

FREQUENCY

HERRING, ROUND OR WOLF
LOBSTER
MACKEREL, SPANISH OR INDIAN
MUSSEL
OYSTER, WITHOUT SHELL OR
SAUCE

POMFRET,BLACK, CHINESE OR
WHITE

PRAWN, PINK, DRIED SALTED,
CRACKERS, PASTE (HAY-KO)

SARDINE, FRESH OR CANNED

SCAD
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FISH, SHELLFISH & PRODUCTS

FREQUENCY

SEA CUCUMBER, SOAKED AND
WASHED

SHARK’S FIN (YEE-CEE)
SHRIMP, FERMENTED, SMOOTH
SHELL, OR PASTE (BALACAN)

SNAPPER

THREADFIN KURAU OR DRIED
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FRUIT

FREQUENCY

APPLE (GREEN OR RED)
AVOCADO PEAR

BANANA (PISANG - ABU,
BRANGAN, KARL EMBUN,
KELAT, MAS, NANGKA
RAJAH
UDANG,RASTALI,TANDUK,
SALAI)

CARAMBOLA/SATR FRUIT
CUSTARD APPLE (BUAH
NONA)

DATE, DRIED (BUAH
KHURMA)

DURAIN (FRESH OR CAKE)
FRUIT, MIXED, SPICY PICKLED
GRAPE (FRESH OR RAISIN)
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FRUIT

FREQUENCY

GUAVA (JAMBU BATU)

JACKFRUIT, CEMPEDAK OR
NANGKA

KIWI

LANGSAT

LEMON OR LIME

LYCHEE, FRESH OR CANNED

MANGO

MANGOSTEEN

NUTMEG, FRESH OR PICKLED
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FRUIT

FREQUENCY

OLIVE, FRESH OR PICKLED

ORANGE

PAPAYA

PEACH

PEAR, GREEN OR LAI

PERSIMMON FRESH OR DRIED

PINEAPPLE

PLUM

PRUNE
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FRUIT

FREQUENCY

POMELO

RAMBUTAN, FRESH OR
CANNED

SOURSOP

STRAWBERRY

TAMARID

WATER APPLE (JAMBU AIR)

WATER MELON
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LEGUMES AND PRODUCTS

FREQUENCY

BEAN, KIDNEY, RED, GREEN,
LENTIL, LIMA
SOYA BEAN, BLACK OR
WHITE
SOYA BEAN PRODUCTS;
TAU-CEO, TEMPER, TAU-KUA,
FRIED CAKE, SPICED CAKE,
TAU-HOO, FUCOK, TIMCOK,
TAU-HOO-POK, MILK, NOODLE

SOYA SAUCE, THICK OR THIN

BAKED BEAN, CANNED
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MILK & MILK PRODUCTS

FREQUENCY

CHEDDAR CHEESE PROCESSED
AND CANNED

ICE CREAM POWDER

MILK, FRESH COW,
EVAPORATED, POWDER, SKIM,
AND CONDENSED

YOGHURT
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NUTS, SEEDS AND PRODUCTS

FREQUENCY

ALMOND

BRAZIL NUT (KACANG BRAZIL)

CANDLE NUT (BUAH KERAS)

CASHEW NUT

CHESTNUT, CHINESE

COCONUT, FLESH - YOUNG OR
OLD, MILK, INSTANT POWDER,
AND WATER

GENGELLY/SESAME SEED
LOTUS SEED
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NUTS, SEEDS AND

FREQUENCY

PRODUCTS
PEANUT, GROUND OR PEANUT
BUTTER

WALNUT

WATER MELON SEED, DRIED,
BLACK
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PROTEIN

FREQUENCY

BEEF, CORN CANNED, LEAN,
BURGER PATTY, EXTRACT,
FRANKFURTER, RENDANG,
AND OTHERS

CHICKEN MEAT, CURRY,
PATTY, FRANKFURTER, AND
OTHERS

DUCK MEAT AND PRODUCTS

GOAT MEAT AND OTHERS

MUTTON, LEAN, CURRY AND
OTHERS

EGG, CHICKEN, DUCK, QUAIL
TURTLE, CENTURY, SALTED

129

PORTION

Appendix F continued

STARCHY ROOTS & TUBERS

FREQUENCY

POTATO, SWEET OR UBI
KENTANG

SAGO (SAGU)

SAGU NOODLE, TANG HOON

TAPIOCA, FRESH, FLOUR
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VEGETABLES

FREQUENCY

ASAM

ASPARAGUS, FRESH OR
CANNED

BAMBOO SHOOT, FRESH,
CANNED OR PICKLED

BEAN, FRENCH OR STRING

BROCCOLI

CABBAGE, PAK-COY OR HUMCOY

CARROT

CAULIFLOWER

CELERY
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VEGETABLES

FREQUENCY

CHILLI, RED, GREEN OR
SMALL

CHIVES, CHINESE (KUCAI)

CHRYSANTHEMUM (TONG-OH)

CORIANDER LEAVES

CUCUMBER

EGG PLANT

GARLIC, BULBS OR PLANTS

GOURD, BITTER, SNAKE OR
WINTER MELON

KALE, CHINESE (KAI-LANCOY)
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VEGETABLES

FREQUENCY

LADY’S FINGERS/OKRA

LETTUCE (SANG-COY)

LOTUS ROOT

MINT

MUNG BEAN/GREEN BEAN
SPROUTS

MUSHROOM, FRESH OR DRIED

MUSTARD, CHINESE (COYSAM)

ONION, SPRING,
LARGE,SMALL,PICKLED
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VEGETABLES

FREQUENCY

PEAS, FRESH, GREEN,
CANNED, OR SALTED, FRIED

PETAI (STOR)

PUMPKIN

RADISH, FRESH OR PICKLED

SEAWEED DRIED (HAI-RAI)

SOYA BEAN SPROUTS
(TAU-GEH)

SPINACH (POR-COY)

SWAMP CABBAGE
(KANGKUNG)

134

PORTION

Appendix F continued

VEGETABLES

FREQUENCY

TOMATO, FRESH, JUICE, OR
KETCHUP

TURNIP (COY-TAU)

WATERCHESTNUT (MA-TAI)

WATERCRESS (SAI-YONG-COY)
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PHYSICAL ACTIVITY ASSESSMENT
USING THE
MODIFIED LEISURE TIME PHYSICAL ACTIVITIES

Date

ID #

time period

For

ABBREVIATION USED:

D = DAY
W = WEEK
M = MONTH
X = TIMES
MRT = MASS RAPID TRANSIT

1.

How often do/did you do kind of activity?

2.

How long do/did you do this activity each time?

3.

How would you rate this activity for yourself?
Would you rate it as:
Light
2.

Moderate

3.

Heavy

NOTE: Modification of the Leisure Time Physical Activities were done to assure
cultural appropriateness.
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WALKING &
MISCELLENEOUS

FREQUEN
CY

TIME/OCCA
SION

TOTAL
TIME

WALKING FOR
PLEASURE
WALKING TO &
FROM WORK
WALKING TO AND
FROM BUS OR MRT
STATION
WALKING TO &
FROM MARKET
WITH 5-10 KGS
USING STAIRS
WHEN ELEVATOR
OR ESCALATOR IS
AVAILABLE
CARRYING HEAVY
LOADS
(30 - 50 KGS) ON
SHOULDER
CLIMBING
OVERPASS STAIRS
WITH 5 - 10 KG
LOADS
BICYCLING TO
WORK AND/OR FOR
PLEASURE
JOGGING AND
WALKING
TOTAL TIMES FOR ALL ACTIVITIES
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OTHER EXERCISES

FREQUEN
CY

TIME/OCCA
SION

TOTAL
TIME

HOME EXERCISE,
AEROBIC,
STRETCHING
BALL ROOM
DANCING
TAI CHI CHUAN

HEALTH CLUB,
AEROBIC, WEIGHT
LIFTING,
STRETCHING,
KARATE, TEKONDO
RUNNING

SAILING, OR
SURFING
SWIMMING (AT
LEAST 50 FT) AT A
POOL
SWIMMING AT THE
BEACH
ROLLER SKATING

TOTAL TIMES FOR ALL ACTIVITIES
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SPORTS & OTHER
EXERCISES

FREQUEN
CY

TIME/OC
CASION

TOTAL
TIME

BOWLING
VOLLEY BALL
TABLE TENNIS
TENNIS, SINGLES
TENNIS DOUBLES
BADMINTON
RACKET BALL
BASKET BALL,
NON-GAME,
GAME PLAY,
OFFICIATING
GOLF: RIDING A
POWER CART
OR WALKING &
CARRYING CLUBS
ON CART, OR
WALKING AND
CARRYING CLUBS
TOTAL TIMES FOR ALL ACTIVITIES
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SPORTS & OTHER
EXERCISES

FREQUEN
CY

TIME/OCCA
SION

TOTAL
TIME

WEEDING AND
CULTIVATING
GARDEN
SPADING,
DIGGING, FILLING
IN THE FARM
PUSHING HEAVY
CART,
CONSTRUCTION
WORK
PAINTING INSIDE
OF HOUSE,
INCLUDES PAPER
HANGING
RUBBER TAPPER

CARRYING
CHILDREN
HOUSE WORK,
WASHING
CLOTHES
SQUATTING
PULLING HEAVY
LOADS

TOTAL TIMES FOR ALL ACTIVITIES
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FREQUEN
CY

SITTING AND
OTHERS

TIME/OCCA
SION

TOTAL
TIME

SITTING ON HARD
FLOOR
SITTING ON LOW
STOOL
SITTING ON
KNEELING
POSITION
KNEELING

BENDING OVER

SLEEPING

TOTAL TIMES FOR ALL ACTIVITIES
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